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STUDIES OF PHOSPHORUS INTOXICATION 


1. Changes in Blood, Urine, and Tissues of Dogs Poisoned with Phosphorus 


DOROTHY J. BUCHANAN, Ph.D. 
MAX V. SIGAL Jr, Ph.D. 
C. S. ROBINSON, Ph.D. 
KATHERINE POPE, B.S. 

MARY ELLEN FERGUSON, B.S. 

AND 


JOHN B. THOMISON, M.D. 
NASHVILLE, TENN. 


| aie INING with phosphorus has long been recognized to result im hepatic 
changes. If an early detectable biochemical lesion could be uncovered im phos- 
phorus intoxication, this change might serve as a useful sereening procedure in 
workmen who are exposed to small amounts of phosphorus during hours of indus- 
trial activity. The lack of such a method for the detection of mild early iechemical 
evidence of intoxication led us to investigate the biochemical changes which occur 
in experimental chronic phosphorus poisoning in the dog. 

Our survey of altered functions has been directed toward (1) those metabolic 
changes or constituents which might reflect early evidence of altered metabolism 
in the liver and (2) the hypothesis that the fatty changes in the liver in phosphorus 
intoxication might be the result of altered metabolism of choline. Accordingly, the 
study may be divided into two portions: (1) a survey of the biochemical alterations 
in chronically poisoned dogs and (2) an investigation of the possibility that such 
intoxication might lead to a defect in the metabolism of choline. The latter was 
suggested by the fact that both choline-lack and phosphorus poisoning result in 
fatty changes in the liver. 

METHODS 

The dogs selected were females, approximately one year old. They weighed about 10 kg. 
and appeared to be in good health. After being wormed, the dogs were placed on a standard 
diet in metabolism cages for at least two weeks. Dog 1 was fed Purina dog chow, but in order 
to obtain well-formed stools and thus avoid gross contamination of the urine, the other dogs 
were fed Sky-Hy canned dog food.* Water was given ad libitum 

Twenty-four-hour urine samples were collected under toluene, filtered, and stored in’ the 


tefrigerator in Pyrex bottles. Each day the dogs were treated, weighed, and placed in clean 
cages. The back of the neck of the animal to be poisoned was shaved and washed with 70% 


This investigation was carried out at Vanderbilt University School of Medicine under a 
grant from the Tennessee Valley Authority, Contract TV -84156. 

From the Department of Biochemistry (Dr. Buchanan, Dr. Sigal, Dr. Robinson, Miss Pope, 
and Mrs. Ferguson) and the Department of Pathology (Dr. Thomison), Vanderbilt Univer 
sity School of Medicine. Dr. Sigal was a United States Public Health Service Postdoctorate 
Fellow during 1950-1952. 


* Supplied by the Hill Packing Company. 
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alcohol, and the solution of phosphorus in peanut oil t was injected subcutaneously with a 
sterile syringe, a different site being used for each injection in order to avoid the formation 
of sterile cysts. 

Attempts were made to determine urinary choline by the Reinecke method,! but no precipita- 
tion occurred on the addition of the reagent at either pH 6.5 or pH 8.5 unless choline was added. 
When this was done, recoveries exceeding 100% were obtained, probably because of the copre- 
cipitation of substances other than choline which apparently was not present in amounts large 
enough to precipitate. The material precipitated in excess of the added choline usually exceeded 
the choline present as measured by the Neurospora method. 

All the values for choline reported were obtained by the Neurospora method of Bandelin.* 
Horowitz and Beadle * reported that methionine had 0.002% of the effect of choline as measured 
by the growth of Neurospora. With the use of the method of Lyman and associates * it was 
found that there was not enough methionine present to cause a significant growth of the mold, 
so no attempt was made to remove it. The urine samples were analyzed directly without any 
treatment, care being taken that the dilutions used showed no inhibition. 

The blood choline determinations were made as follows: 

(a) Total Plasma or Serum Choline—A 1 cc. sample of serum or plasma was hydrolyzed 
on a boiling water bath with 5 cc. of 10% barium hydroxide or autoclaved at 15 Ib. pressure 
for two hours with 2 ec. of 5% sulfuric acid.® After neutralizing, diluting to volume, and 
centrifuging, the supernatant was analyzed for choline by the Neurospora method. Since slightly 
higher values were obtained with the basic hydrolysis, this method was preferred. 

(b) Alcohol-Ether Soluble Plasma or Serum Choline.“—One cubic centimeter of plasma 
or serum was added to about 15 ce. of a 3:1 alcohol-ether mixture, brought to boiling, cooled, 
diluted to 25 ce., and filtered through fat-free filter paper. Ten cubic centimeters of the filtrate 
was taken to dryness on a boiling water bath under nitrogen, then hydrolyzed on a_ boiling 
water bath for two hours with 5 ce. of 10% barium hydroxide to liberate the combined choline. 
This was neutralized to phenolphthalein with sulfuric acid, diluted to volume, centrifuged, and 
the supernatant analyzed for choline by the Neurospora method. 

(c) Phospholipid Choline-—Ten cubic centimeters of the alcohol-ether filtrate in (>) was 
taken to dryness on a boiling water bath under nitrogen. The residue was treated with 10 ce. 


of petroleum ether and centrifuged. The residue was then washed twice with petroleum ether, 
being heated to boiling each time. 


The combined petroleum ether extract was concentrated 
under nitrogen to about 1 ce., and 7 ec. of acetone and 0.05 ce. of 4.5% magnesium chloride 
in alcohol added. After standing a few minutes, it was centrifuged and the precipitate washed 
once with acetone. The precipitate was then hydrolyzed with barium hydroxide as described 
above. This procedure gave virtually the same results as those obtained with free serum or 
plasma and with the alcohol-ether soluble choline. 


Therefore the alcohol-ether soluble choline 
determinations were used in most instances. 


Plasma alcohol-ether soluble phosphorus was determined on the alcohol-ether extract 
described under the Neurospora choline method by the method of Fiske and Subbarow.? The 
Jaffe reaction® was employed to determine the creatine-creatinine blood levels and urinary 
excretion. Blood nonprotein nitrogen was determined by Nesslerization after deproteinization 
with sodium tungstate and sulfuric acid and Kjeldahl digestion; blood reducing sugar was 
determined according to the method of Nelson,® blood urea by the method of Karr,'’ carotene 
and vitamin A by the microchemical method of Bessey and associates,'! vitamin E by the 
microchemical method of Quaife and Harris,'* and prothrombin time by the Link-Shapiro 
modification of the Quick Method.'!® Standard hematological methods were used for red cell 
counts, white cell counts, hemoglobin, and hematocrit determinations. 

The liver lipids were analyzed by mincing a weighed portion of the liver in 95% alcohol 
and extracting by procedures similar to those of Bloor '* and Chaikoff.°. The combined alcohol 
and ether extracts were evaporated to dryness under nitrogen and in a partial vacuum at a 
temperature of 38 C., after which the lipid material was dissolved in petroleum ether and 


+ The phosphorus solution was obtained from the Tennessee Valley Authority at Wilson 
Dam. The phosphorus was dissolved in peanut oil, 5 mg. of phosphorus per cubic centimeter of 
solution, and sealed in glass ampules under nitrogen. 
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filtered through fat-free filter paper. This was again taken to dryness and extracted in the 
same manner. The weight of the residue from evaporation of an aliquot of the petroleum ether 
extract was taken as the measure of “total lipid.” The vitamin A content of the liver was 
estimated by the Carr-Price reaction applied to a petroleum ether extract of the nonsaponifiable 
(alcoholic KOH) fraction of the liver.’® Liver glycogen was determined by the method of 
Good, Kramer, and Somogyi,'® and the glucose was determined by the method of Nelson.® 


COMMENT 


For the purpose of this investigation it was necessary to produce a condition of 
chronic intoxication that would permit the animals to survive long enough for study, 
yet to suffer intoxication sufficient to produce measurable changes. For this purpose 


a series of experiments was set up in which the dogs were treated with 0.4 mg., 
0.2 mg., and 0.1 mg. of phosphorus per kilogram per day. 

The three animals receiving 0.4 mg. of phosphorus per kilogram per day became 
sick immediately and soon stopped eating. In Dog 1 developed a large, sterile, 
phosphorus-containing cyst at the site of the injections, and this dog obviously did 
not absorb as much phosphorus as the other two. Its symptoms were correspondingly 
less severe. The others developed no cysts, but some necrosis could be seen where 
the phosphorus was administered. On the third day the dogs began to vomit mucus 
material, which became bloody before death. All the organs showed marked vascular 
engorgement. There was necrosis, sometimes with hemorrhage, of all the paren- 
chymal tissue of the liver, except for a narrow zone about the central veins, which 
showed marked fatty metamorphosis. There was rather extensive necrosis of renal 
tubules as well as marked fatty degeneration in many of those less severely damaged. 
Except for Dog 1, these animals died in six days. 

Only one dog received 0.2 mg. of phosphorus per kilogram per day. On the 
sixth day after poisoning it had some mucus-like vomitus and began to eat less. 
On the ninth day some blood was seen in the cage. At autopsy the liver looked 
somewhat hemorrhagic, and there were some hemorrhagic areas in the intestines. 
The liver sections showed fatty vacuolation of the liver around the periphery of 
the lobules. There were severe hemorrhages in the kidney, especially in the medullary 
portion, and some sloughing of the tubular epithelium, with granular plugs in the 
tubules. The general picture of this dog resembled that of those receiving the larger 
dose but was much less severe. 

A dose of 0.1 mg. of phosphorus per kilogram per day produced a more chronic 
poisoning. Except for Dogs 5 and 6, the poisoned animals were controlled with 
carefully paired dogs which were carried along simultaneously, receiving the same 
food and care but no phosphorus. In order more carefully to evaluate the effects of 
the phosphorus, the poisoned dogs and their controls were killed at various times. 
Dog 7 began to lose its appetite and have diarrhea on the 53d day and died suddenly 
on the 55th day, at which time only a little hemorrhage could be seen in the rectum. 
Dog 13 was quite ill by the time it was killed and had eaten poorly for two weeks. 
Dogs 9, 13, and 11 seemed to be sensitive to the phosphorus, some very small, 
phosphorus-containing, sterile cysts developing at the site of each injection, Both 
Dogs 9 and 11 developed some edema. The dogs killed early in the experiment 
showed minimal changes histologically which were of little significance. The two 
animals which were poisoned for the longest time showed some finely divided fat 
in the liver and large amounts of hemosiderin in the spleens. which were consider- 
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TARL 


Urine Neurospora 
Weight, Volume, Choline, Creatine, Creatinine, Creatine 
Sample No. Lb. Ce. Me.Day Mg./Day Mg./Day Creatinine 
Dog 1 
Normal 45-08 297-552 0.12-0.18 
470 O14 
242 O14 
O15 
265.25 273 0.20 
2.0 J 5 470 O14 
25.5 282 O13 
246 f 3 429 0.08 
23.75 eee 


324 


Dog 2 


Normal 22, 155-285 242-490 440-76 O61 


138 282 O49 
265 4 598 812 0.73 
3.5 527 633 
180 436 258 1.69 
630 4 458 214 2.14 
eee 
Dog 8 


Normal 160-390 185-389 269-586, 57-069 


375 315 O04 
375 401 52 O77 
770 ‘ 1.12 
1,025 2 1.68 
Ho 205 2.17 
Stopped eating. 
Sample contaminated, 


killed, 
§ Died. 


TASLE 2. 


Urine Studies on Dog Poisoned with 0.2 Mg. of Phosphorus per Kilogram per Day 


Urine Neurospora 

Weight, Volume, Choline, Creatine, Creatinine, Creatine 

Sample No, Lb. Ce. Mg. Day Mg. Day Meg. Day Creatinine 
Dog 4 

Normal 20.5 145-304 183-249 
2.5 406 0.438 
222 435 O51 
0.98 44 O45 
0.70 fi 437 O35 
2.44 ie 418 0.37 
2.05 526 524 
1.72 § 1.58 
1.29 3 268 1.25 
2.61 
2.91 


3.76 


* Stopped eating. 


MB 1.— rine Studies on Dogs Poisoned with 04 Mg. of Phosphorus per Kilogram per Day 
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23.0 4) 15 405 1.25 
22.5 325 14 344 227 151 
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ably enlarged. The kidney showed only hydropic degeneration. It may be worthy 
of note that none of the dogs in this series had markedly fatty livers, and only in 
those which survived the longest were small fat deposits noted. 


Tables 1, 2, and 3 give the results of the urine analyses for dogs receiving the 
various amounts of phosphorus just described. In the acutely poisoned dogs the 
choline values as determined by the Neurospora method remained relatively con- 
stant, although there may have been a slight rise toward the end of poisoning, 


Taste 3.—Urine Studies on Dogs Poisoned with 0.1 Mg. of Phosphorus per Kilogram per Day 


Urine Neurospora 
Weight, Volume, Choline, Creatine, Creatinine, Creatine 
Sample No. Lb Ce Mg. Day Mg. Day Me. Day Creatinine 
Dog 5 
Normal 22. 116-198 O64-0.73 107-131 614-616 O0.17-0.21 

278 1.4 Is3 OBS 
26 1.38 1.08 
3365 | § O09 
ONT 
1M) O65 if 0.68 
1.53 7 ODD 
216 O78 O58 
153 ONT 2 372 O71 
232 O65 : 0.68 
132 0.66 O97 
208 1.00 1.08 

Dog 6 


Normal O.88- 1.05 


1.21 

1.10 
149 

O75 
O49 
O77 


O51 


However, it is obvious that the increment in choline excretion following acute 
poisoning of dogs by phosphorus, as reported by Anderson, Luckey, and Robinson,’ 
Was not apparent in these studies. The Neurospora assay method is more specific 
than is the Reinecke precipitation. The earlier findings would seem to reflect the 
lack of specificity of the method employed. 


The dog poisoned with 0.2 mg. of phosphorus per kilogram per day also showed 
a slight but scarcely significant increase in the excretion of choline, while no changes 
in choline exeretion could be seen in the chronically poisoned animals. 

In those animals in which the urinary exeretion of creatine and creatinine was 
studied, the increase in creatine and the changes in the creatine to creatinine ratios 
followed the tissue breakdown as evidenced by the loss in weight. The changes were 
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progressive in the dogs in which the poisoning was fatal, while in the dog which 
adjusted to the poison and survived the changes were less pronounced and reversed 
when the animal stopped losing weight. 


In dogs poisoned with 0.2 or O0.1.mg. of phosphorus per kilogram per day no 
anemia or leucopenia developed. The hematologic findings on Dog 4 indicated a 
terminal hemoconcentration, while the less severely poisoned animals showed no 
consistent changes, although a few showed a decrease in hemoglobin and packed 
cell volume. 


Taste 4.—Blood Studies on Dogs Poisoned wit 


h 0.1 Mg. of Phosphorus per Kilogram per Day 


Plasma Aleohol- 
__Ether Soluble 

Hemo- Packed Pro- Vitamin Caro- Vitamin Phos- 
globin, Cell = thrombin A, tene, E, Choline, phorus, 

Gm./ Volume, Time, 1.U./ Mg./ Mg./ Mg./ 
Sample No. 100 Ce, % Sec 100 Ce. 100 Ce. 100 Ce, 

Dog 7 

154-164 47-48 Py 337- 2- 1.39-1.57 44.5-52.2 15.2-19.1 

23: : 1.32 9 

306 1,22 37.4 15.2 

45 eee 2 1.42 18.6 

ose 2 1.57 55.7 194 

41 ose Mh 2 124 9. 204 


Normal, 7.25 117.6 - 1.69-1.76 16.4-18.3 
3 37 151 61.2 21.5 
2.05 2.2 
190 
19.2 
22.4 
20.3 
25.0 
21.9 
Control 
Dog & 
Normal O19.0 
18.2 
19.2 
18.2 
18.0 
18.0 
17.8 
17.5 


1 


The blood chemistry values of Dog 4 also showed a progressive increase in 
nonprotein nitrogen, urea, creatine, and creatinine until death, following changes 


in tissue breakdown. In Dog 5, which was less severely poisoned, these values 


increased while the dog was losing weight, but they returned to normal when it 
adjusted to the poison and began to gain weight. 

Representative data on blood constituents in chronically poisoned dogs are 
presented in Table 4. The plasma vitamin A content of Dog 4 decreased during 
poisoning, probably indicating liver damage, but no striking changes could be seen 
in the less severely poisoned animals. 

Nakatsuka '* reported that whole blood and plasma lecithin were decreased in 
rabbits acutely poisoned with phosphorus, but when they received a subacute amount 
6 
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Dog 6 
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of phosphorus, the lecithin increased for several days and returned to normal in 
about two weeks. However, others have reported conflicting results.'” 

When plasma choline was analyzed as an indication of the phospholipid content, 
no change was observed in Dog 4 which was acutely poisoned. Two of the dogs 
which were chronically poisoned gave indications of increases in choline, but the 
rest showed no increase over that of their pair-fed controls. Also, no striking 
changes were seen in the alcohol-ether soluble phosphorus. It is possible that these 
are individual differences in response to the poisoning or that the others might 
have shown changes if more samples could have been obtained or if the dogs had 
been observed for longer periods of time. Certainly there were no consistent and 
striking changes in the plasma choline levels in the chronically phosphorus-poisoned 
dogs studied. 

The livers in the chronically poisoned dogs were studied in more detail in order 
to evaluate more clearly the effects of the poison (Table 5). In acute poisoning the 


accumulation of fat in amounts three or four times the normal and the inhibition 


Tasie 5.—Liver Studies on Dogs Poisoned with 0.1 My. of Phosphorus per Kilogram per Day 


Liver 
Liver, Liver, Liver, Vitamin A, 
Weight, Body Dry Liver, Liver, 1.U./Gm., 
Gm. Weight Weight % Fat % Glycogen Liver 
26 2746 6.0 2.8 


206 55 2.9 


* Poisoned. 
Control. 


of glycogen synthesis have been reported.'” However, although there were various 
slight degenerative changes in the livers of these animals, including some increase 
in visible fat, no significant differences could be detected in the dry weight of the 
liver, the glycogen content, the total fat present, or the vitamin A level. 


CONCLUSIONS 


The tissue changes, which vary in severity with the amount of poisoning, 
consist of extensive hemorrhages of the gastrointestinal tract, fat deposits and 
necrosis in the liver and kidneys, and enlargement of the spleen, with deposition 
of hemosiderin. 


No significant changes in the excretion of choline in the urine of the phosphorus- 
poisoned dogs were found, but there were increases in the excretion of creatine 
and changes in the creatine to creatinine ratios which followed the tissue breakdown 
as evidenced by the loss in weight. 

The blood nonprotein nitrogen, urea, creatine, and creatinine levels also fol- 
lowed changes in the weight of the dogs. No significant changes could be seen in 
the plasma phospholipid choline or phosphorus levels in chronically phosphorus- 
poisoned dogs. 


200 2.1 27.3 5.35 2.1 166 

264 26 28.5 5.25 3.0 188 

305 34 28.9 5.98 3.9 578 

266 3.0 20.6 6.35 24 

186 2.9 27.9 5.99 15 466 

262 31 240 6.08 24 1048 

WH 235 2.9 19 440 

| | 
‘ 
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The livers of the dogs which were chronically poisoned showed slight changes 
histologically, but no differences could be detected in the dry weight or in the glyco- 
gen, total fat, or vitamin A contents. 


Miss Helen Frank made the prothrombin determinations ; Miss Dorothy Bauer assisted with 
the hematology; Mr. R. B. £. Fleming, of the Tennessee Valley Authority, supplied the 
phosphorus, and Dr. William J. Darby offered guidance. 
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COMPARATIVE EXCHANGE OF CALCIUM, LEAD, AND 
RADIOACTIVE LEAD IN DOGS 


J. ALFRED CALHOUN, M.D. 
REGINA McLEAN, A.B. 
J. CRAMER HUDSON, Ph.D. 
AND 
JOSEPH C. AUB, M.D. 
BOSTON 


| IS REASONABLY well established that the absorption and excretion of 
lead are similar to that of calcium. Although the movement of small amounts 
of lead is difficult or impossible to trace chemically, when it is tagged with radio- 
active lead the migration and excretion of this element can be followed, even when 
present in very small amounts and when radium D (Pb*!") is the indicator, for 
long periods of time. 

The original purpose of the present work was to investigate the localization 
and migration in bones and prolonged excretion of intravenously injected lead 
labeled with radium D. A series of 10 dogs received lead mixed with radium D, 
and 2 others received inert lead alone. Eight of the animals received the lead in 
six injections distributed over a period of 12 to 18 days; four animals received a 
larger amount of radioactivity in three doses in six or seven days. All the animals 
were given a high calcium intake during the injection period and for a varying 
interval thereafter. Amputations or tooth extractions in following the movement 
of lead within bones and teeth are reported elsewhere.’ The effect of parathyroid 
medication was also investigated. Table 1 summarizes these data as well as medi- 
cation and survival. The two animals which received inert lead showed no dele- 
terious effects and were killed while in apparent good health. Half of the animals 
which received radioactive lead were found dead; the others were anesthetized 
with pentobarbital (Nembutal) and exsanguinated either when physical deteriora- 
tion was obvious or when death was imminent. 

In a continuous metabolic study over a period of three to four months, the 
excreta were collected from four animals which received activated lead and from 
two which received inert lead. The results of excretion in the radioactive lead 
experiments are summarized in Table 2. In studies found in the literature and in 
previous experiments in this laboratory with inert lead, excretion of lead by the 
gastrointestinal route has been dominant; but in the experiments reported here, 


with injection of lead only intravenously, excretion through the kidne#@’ has assumed 


This is Publication 808 of the Cancer Commission of Harvard University 
From the Medical Laboratories of the Collis P. Huntington Memorial Hospital of Harvard 
University, at the Massachusetts General Hospital. 
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the greater importance. In fact, fecal excretion exceeded urinary excretion of lead 
in only 9 of 70 consecutive metabolic periods in three dogs. Both urinary and fecal 
excretion diminished markedly with time, with no fixed ratio to each other and 
with no relation to decreased calcium intake. 
Taste 1.—Dosage of Lead or Lead Mixed with Radiolead and Experimental Calendar 
in Days from First Injection 


Animal 
1 2 3 4 5 6 7 8 9 10 ll 12 
2.3 2.2 19 13 06 02 0.2 0.2 0.2 0.2 0 
3.0 28 2.5 1.0 6.7 26 2.8 0.6 09 2.7 19 
Duration of injection period 6 6 6 7 18 18 18 16 18 12 15 15 
Operative procedures 
Rib ses eee 144 es 
Tooth extraction............. ° eve eve ° 57 45 28 25 63 
Deleading procedures 
Parathyroid extract.......... 76-90 63-90 63-90 52-66 ... 46-60 
Ammonium chloride.......... eos eee ene oes eee 125-194 
Dietary regime 
one eee 56-100 46-105 46-105 31-81... oo. 35-82 30-78 
abe eee 101-110 106-120 106-120 82-91... «83-95 79-90 


* Found dead—definite postmortem change. 

t Found dead--destruetive postmortem change. 
t Found dead—short postmortem interval. 

§ Animal killed in good health. 


Tair 2.—Lead Excretion After Injection of Lead and Radiolead Periods (live Days) Averaged for 
Change in Regimen Determined by ‘Radioactivity Measurement 


Dog 6 Dog 7 Dog 5 Dog 8 
Pe- Pe- Pe- Pe- 
riods Me. Pb riods Mg. Pb riods Me. Pb riods* Mg. 
Aver- Aver- — A——, Aver- — - Aver- - - 
Diet and Medication aged Urine Stool aged Urine Stool aged Urine Stool aged Urine 
High caleium diet plus injection of 
1-4 0.75 0.57 1-4 2.08 0.60 1-4 2.81 1.32 3 0.91 
High calcium diet 59 0.74 043 1.04 0.32 511 1.31 042 5 0.50 
Low calcium diet alone................. 0.52 0.22 10-12 0.80 043 12-15 0.66 0.35 9 O16 
Low calcium diet plus parathyroid 
14-18 0.32 O11 13-14 (0.26 O19 16-18 0.55 0.31 12 0.05 
+ 
16-18 
Low calcium diet 19-21 «(0.24 0.10 (0.09 0.18 0.21 16 0.04 
High calcium diet 22-24 0.23 «(0.09 22-24 «(0.14 0.16 21-22 0.34 O11 17 0.04 


* On this animal only one period was analyzed for each change in regimen. 


After the injection period, the total excretion was generally similar for 100 
days in the two dogs which received essentially the same dosage of lead and radium 
D (Chart 1, Dogs 6 and 7). The only noteworthy difference was a temporary 
elevation which occurred in Dog 7 from the Sth to the 15th day after amputation. 
However, the excretion in these two dogs was very different during the injection 
period, for under similar experimental conditions (Chart 1) Dog 6 excreted 10% 
of the injected lead while Dog 7 was excreting 20%. Their eventual total excretion 
differed approximately by this amount. The third dog (Dog 5), which received 
more than twice the concentration of lead and radium D, excreted a greater total 
10 


Each 


Pb 


Stool 


0.40 
0.24 
0.06 


0.04 


0.03 
0.01 
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RADIOACTIVE 
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amount but essentially the same proportion of injected lead as Dog 7 during 
approximately three months following injection. At the end of three months, the 
amount of lead excreted daily reached essentially the same level for all three animals. 
This was true in spite of originally different dosage, differing early rate of excre- 
tion, and in one case (Dog 7) removal of a significant part of the normal storage 
space. 

This points to two mechanisms: the first due to the flooding of the organism 
with lead; the second, liberation of lead from a fixed store. The first varies with 


FIGURE I 
LEAD EXCRETED IN EACH FIVE DAY PERIOD 


UNCHARTED PERIODS 


oo 
#6 61-65 DAYS LOST 
#7 41-45 DAYS LOST 
»—« DOG #7 71-75 DAYS LOST 
alt 81-90 DAYS - TOTAL 


0.43 MGM. 


re TOTAL LEAD EXCRETED 
IN CHARTED TIME 
#5 - 48% 

#6 - 35+% 

#7 - 47+% 


o—o 


70 90. 100 110 120 
#5 | DAYS 


| 


i020 30 407 50 
00G #7 | 
INJECTION LEG AMPUTATED 


PERIODS | 
DOG *5 RIB RESECTION MEDICATION 


the total lead recently accumulated ; the second depends mainly on the rate of turn- 
over of bone. The excretion rate varies roughly with dose during the period of 
accumulating lead. Then when lead is deposited (in a more or less secure area), 
the excretion rate is approximately equal. 

It is obvious that parathyroid medication had no appreciable effect on either 
the total excretion or the distribution in urine and feces (Table 2). Figure 1 
demonstrates that parathyroid injections were instituted at a time when the slope 
of excretion was beginning to flatten. Even when parathyroid therapy was begun 
10 days earlier in the fourth animal, it did not result in increased excretion of lead. 
The potency of the parathyroid extract is apparent from the elevation of serum 
calcium leveis shown by Dogs 6, 7, and 8 (Table 3). It may be argued that medi- 
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Tas_e 3.—Serum Calcium Response to Parathyroid Extract 


Dog 6 Dog 7 


Parathyroid Parathyroid Parathyroid 
Extract Serum Caleium Extract Serum Caleium Extract Serum Caleium 
Days Day Mg./ Days Day Mg.’ Days Ml. Day 
Given* Day Taken 100 MI. Given Day Taken 100 ML. Given Day Taken 100 MI. 
10.8 63-71 10 11.9 0 63 11.6 
76-79 79 72 20 i 11.6 
73 3.0 7 114 116 
23 4.0 
78-79 0 oe Th 13.2 
4 3.0 i 14.8 


8-14) 


106 


Dog & Dog 11 Dog 12 


Parathyroid Parathyroid Parathyroid 
Extract Serum Caleium Extract Serum Caleium Extract Serum Caleium 


; Days Mi “Day Me Days Ml. Day Me. Days Mi Day Mg. 
Given Day ‘Taken 100 ML. Given Day Taken 0 MI Given Day Taken 100 MI. 

52-57 2.5 57 12.0 52-57 2.8 10 2.3 13.8 

aS ee 15.2 i 165 

16.3 65-66 16.0 57 

16.6 M5 

115 


* Tabulated days are experimental calendar days. 
Blood drawn before first lead injection. 


Taare 4.—Urinary Calcium Excretion in Dogs Injected with Lead or Lead Mixed 
with Radiolead as Chloride 


Lead Chloride Tagged Lead Chloride 
Injection Injection 


Animal 12 "3 6 
Lead dosage, mg. Pb kg 2. 19 09 26 

‘rinary Caleium Exeretion, Gm. Ca 5-Day Period 

Low ecaleium diet alone 0.060 
High calcium diet plus lead injection 0.025 O.110 0.160 0.306 
High calcium diet alone 0.065 0.262 
Low calcium diet alone....... 0.085 0.123 
Low calcium diet plus parathyroid medication O.705 0.060 
Low calcium diet alone 0.085 0.019 
High caleium diet alone O.0TS 0.015" 0.091 


* Caleulated from one day's exeretion just after high calcium diet began. 


| SEES : 
é 
101 10.0 ves &5 12.3 
3.5 87 12.7 é 124 
conse 88 12.1 20 Ss 12.2 
3.8 os 2.5 os 
91 113 91 12.2 
w 106 11.8 
10.7 106 11.0 
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cation was not pursued vigorously for a sufficiently long period. However, even in 
those periods in which serum calcium was elevated, the excretion of lead was 
unaffected. The efficacy of this parathyroid extract in mobilizing calcium is demon- 
strated by the excretion of calcium in two dogs which received inert lead and one 
which received tagged lead (Table 4). The Table represents single periods which 
were the only ones analyzed for calcium excretion. There may have been some 
response in urinary calcium excretion during parathyroid medication in the fourth 
animal (Dog 6). Unfortunately, the period analyzed was the last on medication 


FIGURE 2 


% OF STORED LEAD EXCRETED IN EACH FIVE DAY PERIOD 
AFTER LAST INJECTION PERIOD 


D0G #5 

o—o DOG #6 DAYS 21-60 

oe DOG #6 DAYS 66-120 % EXCRETED 

(DAYS 61-65 DAYS I-20 
ASSUMED EXCRETION 2%] 

x—«x DOG #7 DAYS 21-40 #5 - 214% 
#6 -10.3% 
#7- 205% 


oe 
o—o 


o—o—o—0 


oe 


10 20. 30 40 760! i000 120 
#7 | | DAYS 
INJECTION | 

| 


PERIODS LEG AMPUTATED 


DOG #5 RIB RESECTION MEDICATION 


when the serum calcium level indicated that this animal was becoming insensitive 
to the hormone.* 

Table 1 shows that acutely lethal results are associated with higher levels of 
radioactivity. In the acutely lethal cases, Dogs 1, 2, and 3 received the lead in a 
gelatin medium; this may have been toxic of itself, because 
single dose of inert lead in gelatin became acutely il Dog 
medium for the lead injections in all the other animals. Dog 


a control dog given a 
serum was used as a 
4+, which received lead 


of a detinitely lower dosage of radioactivity than Dogs 1, 2, and 3, appeared to die 


of the effects of radioactivity. The remaming animals survived four to eight months ; 

* While the data are relatively few, there is an indication that the animals storing radio- 
active lead had a higher urinary calcium excretion than those with inert lead. This suggests that 
radiation might be exerting a demineralizing effect on the bones, but obviously further evidence 
would be desirable. 
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one received one-third and five received one-sixth of the dose of radioactivity given 
Dog 4. The data on the control animals in this study demonstrate that inert lead 
given up to 2.7 mg. per kilogram had no obvious effect on the animals. The con- 
tinued good health of these dogs which received inert lead only is good evidence 
that the obvious eventual deterioration of the other animals was due to the con- 
centration of radioactivity. 

Clinical evidence of this deterioration did not appear early in those animals 
which survived the injection period. A transient loss of weight occurred in all 
animals during parathyroid medication (Fig. 3). Later, losses in weight as great 


FIGURE 3 
WEIGHT OF DOGS RECEIVING LEAD AND LEAD + RADIOLEAD 
x---x LEAD DOGS 


«— LEAD + RADIOLEAD DOGS 
ee WGT. LOSS BY AMPUTATION 


20. 40 60 80. 100. 120. 140 160 180 200 220 240 671 67 
DAYS 


as one-fourth or one-third of the original body weight occurred in all dogs which 
received radium LD. Four of these animals ( Dogs 7, 8, 9, and 10) showed terminal 
blood nonprotein nitrogen values from 224 to 400 mg. per 100 ml. (Table 5). 
Dogs 11 and 12 which received inert lead alone had normal levels of nonprotein 
nitrogen nearly two years later. Routine urine analysis was done at regular intervals 
on the four dogs (Dogs 5, 6, 7, and 8) from which excreta were collected. The 
urine remained normal for three to four months. However, Dog 4 was observed 
to have gross hematuria the day before death. Animals 6, 8, and 10 were followed 
from the sixth month until death and showed increasing abnormalities (Table 6). 
All tests for albumin and sugar were positive in Dog 6 during this period. Blood 
sugar, which was determined on the 192d and 211th days remained normal; the 
terminal blood sugar, however, was 380 mg. per 100 ml. In the last months of life. 
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many epithelial casts appeared and the specitic gravity decreased to a low level. 
The two other animals showed a very low specific gravity in the terminal urine 
sample. 


Taste 5.—Blood Nonprotein Nitrogen Levels of Dogs After Injection of Lead 
Tagged with Radiolead or Inert Lead 


Lead with Radiolead Inert Lead 
N.P.N., N.P.N., N.P.N., 
Animal Day 100 MI. Animal Day Me. loo MI. Animal Day Me. loo MI. 
21 7 7 


‘ 


106 8 


* Blood drawn before first lead injeetion. 


Taste 5a.—Terminal Blood l'alues 


Serum caleium, mg./100 ml 

Serum phosphorus, mg./100 ml 
Serum protein, 100 ml 

Plasina phosphatase, Kay units ce.. 
White blood cells eu. mm 
Polymorphonuclear cells, % 

RBC x 10° eu. mm 

Hb. (Sahli) 


3,300 1300 
x 
6.72 9.35 


* Normal range, 0.10 to 0.26 units. 


Tasie 6.—Koutine Urinalysis on Dogs After Injection of Lead Tagged with Radiolead * 


Dog 6 Dog & Dog 10 
Time 2000 219 208 234 43 126 129 132 139 
Specifie wravity..... 1.085 1.035 1040 1.085 eee 1.008 1.002 1.006 
Albumin ST sT ST ST yy 

Sugar...... +++ t+ 

Hyaline casts 


Granular casts 


Epithelial easts 


M = many. R = rare. T = trace. ST = slight trace. 


* Repeated analyses on Dogs 5, 6, 7, and & between 23rd and 106th days after first lead injection disclosed no abnor- 
malities 
Time in days trom first injection, 


The kidney function of three animals was measured by excretion of phenol- 


sulfonphthalein, Before lead injection it was about 70% in one hour (Dogs 8, 11, 


and 12). This level was not reduced by the lead injection up to the time parathyroid 
medication was given (Dogs 8 and 12). At the end of this medication and again 
10 days thereafter, the excretion was 52 to 55% (Dogs 8 and 12). | Unfortunately, 
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no further tests were run on Dog 8.) About 20 days later the level returned to 
normal, and 21 months after injection of inert lead the test was still normal on 
Dogs 11 and 12. Other blood values obtained when the animais were being killed 
are recorded in Table 3a. Low phosphatase values have also been found in several 
of our radium-poisoned patients. These eventual and terminal findings indicate 
functional damage to kidney in the tagged-lead-injected animals. 

Histological preparations of suitable autopsy samples of viscera and bone were 
examined by Drs. Shields Warren and Olive Gates. Their observations are sum- 
marized in Table 7. In their opinion, injury to the kidney does not resemble that 
seen in other cases of radiation injury. The changes in bone marrow in Dog 4 and 


Tasce 7.—Summary of Microscopic Findings in Tissues of Dogs Receiving Injections of Lead 
Tagged with Radiolead or Inert Lead 


Pb Dosage, Pb Dosage, 
Meg./ Me. x 10-1/ 
Hemosiderin 

Animal Kg. 5 Kidney Bone Abnormalities in Spleen 
2 2.8 2.2 Slight vacuolation: 0 

also postinortem 
change 
4° 4 Negative Vertebral marrow 
depleted and con- 
vested; hemosiderin 
slight 
Marked postmortem Vertebral marrow 
change depleted; fibrosis 
of marrow in rib 
and femur; ero- 
sion of eortieai 
bone; slight 
hemosiderin 
Not remarkable Not remarkable 
Marked tubular Not remarkable 
vacuolation 
‘Tubular nephritis Not remarkable 
Slight regeneration Not remarkable 
of tubules 
Negative Not remarkable 
Slight vacuolation Not remarkable 
of tubules; slight 
tut 
Slight vacuolation Not remarkable 
of tubules; slight 
lat 


There was marked hemorrhage in bladder and lungs not seen in other animals; testes atrophic. 
One lymph node showed hyperplasia. 
Ovaries were histologically normal, 


probably in part in Dog 5 are similar to those seen in radiation injury. The low 
terminal white cell counts (Table 5a) might be due to some such injury, even 
though it was not obvious pathologically. In Dog 5 the erosion of cortical bone 
and fibrosis around the trabeculae may be a residue of the recent parathyroid medi- 
cation, The atrophy of the testes in Dog 4 appeared to be a fairly acute reaction 
with complete absence of spermatogenesis but no fibrosis or thickening of the 


basement membrane. In this animal there was also hemorrhage of the lung and 


the bladder mucosa. Mild hemosiderosis was found in liver and marked hemo- 
siderosis in spleen in all the dogs. Although there was considerable variation in 
follicle size in the spleen in the ditferent animals, there was no evidence of lymph 
follicle destruction. 

The most significant correlation between this evaluation by the pathologists 
and the experimental data is that the two animals surviving the injection period 
16 
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which showed bone marrow injury were those receiving the greatest amount of 
radioactivity. None of the other animals showed this injury, in spite of the extreme 
leucopenia of three of them just before death. The changes in the kidney (tubular 
swelling ) are consistent with the terminal blood nonprotein nitrogen levels in Dogs 
7 and 8 and perhaps in Dog 9. It is interesting to note that histologicai evidence of 
kidney damage is not shown either by Dog 6, which had a series of observations 
indicating altered kidney permeability, or by Dog 10, which had a high terminal 
nonprotein nitrogen level. On the other hand, there was evidence of mild degen- 
erative kidney change in Dogs 11 and 12, which were apparently healthy and had 
normal terminal nonprotein nitrogen levels. It should he noted that in the case 
of Dog 10 at least part of the increase in nonprotein nitrogen could have been due 
to anorexia and vomiting. 


Total Ph Injeeted, 
Injected, Me. * 
Animal Meg. Kg. Kidney Spleen Lung Heart 


22 0.802 0.704 
0.0389 
0.001 ows 
trace O.001 O.O1S 


trace 


trace trace trace 0 


9 Ww 
Total exsanguinated blood (nl... 3 45 
Lead in total sample (mg. 0.0006 


* Regular figures represent total lead in organ; bold figures represent 10% mg. of Pb per gram of 
weight 


+ Duration of life after injection of lead is reeorded in Table 1 


The kidney damage shown histologically by three of these animals must be 
ascribed to radioactivity. At death only a very small amount of radioactive material 
was found in this organ in any animal (Table 8). However, radioautographs of 
Miwa and Yamashita * showed that in the kidney radium D is concentrated in the 
cortex. Although in the current study the total weight of the organs may mask a 
highly localized concentration of lead, there is only a small absolute amount of the 
element present. But more important is the continuous exposure of the cells of 
the nephron to radiation—in the glomerular ultrafiltrate and in the reabsorption 
in the tubules. The evidence for renal damage is more obvious clinically and chemi- 
cally than pathologically. 

Visceral lead analyses in the animals surviving six to eight months show little 
storage of lead, and this is predominantly in the liver. The amount of lead stored 
in this organ in these animals varies with the total lead injected. Obviously the 
data on Dogs 2 and 4 cannot be compared with that on the five other dogs, since 
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their survival time was so short and the lead had not migrated so completely to 
the bones. Blood levels of lead were determined on Dogs 6, 7, and 5 at intervals 
between 3 and 14 weeks after injection. The lead found in 15 to 30 ml. ranged 
from a nondetectable amount to 0.013 mg. At death there was no greater amount 
of lead present in 10 to 20 times this volume of blood, as recorded in Table 8. 

It is interesting to calculate the approximate amount of lead remaining in the 
body at death. It is probable that the low rate of excretion shown by Dogs 5 and 
6 (Fig. 2) three months after injection was maintained or decreased until death. 
Assuming that such a rate is maintained, the total calculated for this interval when 
added to the known earlier excretion would indicate that Dog 5 excreted about 
60% and Dog 6 about 80% of the injected lead. In these animals 2 and 4% of 
the injected lead was found in the liver, with much smaller amounts present in the 
other organs and in blood. This confirms that the skeleton must be the major 
storehouse for the remaining lead, and in these two animals such storage represents 
about one-third and one-fifth of the lead injected. 


COMMENT 

The data on urinary /fecal excretion ratio of lead tagged with radium D in these 
dogs are at variance with the widely accepted clinical opinion that man excretes lead 
chiefly in the feces. It is noteworthy that Kehoe and his co-workers * maintain 
that “the renal excretion (of absorbed lead) is quantitatively as great as the ali- 
mentary, and probably greater.” 

Although the interference of dietary lead is removed by measurement of the 
radioactivity of tagged lead, some investigators who used this technique found 


that the fecal route is usually the main excretory channel. Christiansen, Hevesy, 
and Lombholt * found that lead tagged with radium D was excreted mainly in the 
feces in rabbits which were studied for a maximum of three weeks. However, 
their data tabulated by Lomholt * show that at least a third of the excretion was 
by the kidneys. Behrens,” who used thorium B as an indicator with inert lead 
chloride, found most of the excreted lead in the feces in mice. This was true for 


both oral and intravenous administration. More recent investigators, using both 
these indicators, consider that urinary excretion plays a more important role. Miwa 
and Yamashita * stated that after intravenous injection of radium D, E, and F early 
excretion of radium D in the rabbit is very much greater by the urinary route and 
the peak for fecal excretion occurs later. It is impossible to determine the excretory 
partition in their charted experiment which shows excretion for two months, since 
data for several periods are incomplete. Ginsburg and Weatherall? found 1% 
excretion in urine in 24 hours after a single intravenous injection of lead tagged 
with thorium B. Judging from the content of the intestine, they assumed fecal 
excretion would have been about this amount if the animal had survived an addi- 
tional day or two. 

I-xperimental conditions in the studies of both the Hevesy and Behrens groups 
are sufficiently different from those of Miwa and Yamashita, those of Ginsburg and 
Weatherall, and those reported here that differences in excretion are not surprising. 
Hevesy and his co-workers injected the tagged lead as the hydroxide in an oily 
medium. Each rabbit received several intramuscular or subcutaneous injections. 
Under such circumstances, absorption of lead into the circulation must be slow 
and incomplete. In the work reported here, the dogs were given five or six intra- 
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venous injections of lead as phosphate in dog serum. Thus all the lead was available 
in a state suitable for absorption from the blood immediately after each injection. 
Behrens injected mice intravenously with 0.2 mg. of lead in 0.2 ml. of isotonic 
saline solution. If lead dosage and injection volume are calculated on a basis of 
hody weight, these mice received: a relatively larger amount of lead and injection 
fluid than any of the dogs and in a single dose. 

Christiansen, Hevesy, and Lomholt * also injected rabbits with bismuth tagged 
with radium E. They found excretion by the kidney was more than twice that by 
the fecal route. Lacassagne, Lattés, and Lavedan ® studied the excretion of polonium 
after intravenous or intraperitoneal injection in rabbits. The major part of early 
excretion of this element was renal. However, after several days the amount 
removed by the feces increased to equal that excreted in urine. Later, as total 
elimination decreased, polonium continued to be excreted in urine when it was 
not found in the feces. 

Although both radium FE and polonium are decay products of radium D, it is 
reasonably certain that their presence does not affect the measurement of radium 
D in the current study. It is true that the radioactivity measured is that of radium 
IX, but, since the half-life of radium I. is five days and readings were repeated 
over a period of several weeks, the radiation measured was that of radium FE in 
equilibrium with radium D. 


Our data here on dogs do not agree with those of Aub, Evans, Gallagher, and 
Tibbetts '* in relation to the very high fecal excretion of radium in man. Their work 
is not comparable to the material presented here, except in the case of Patient 3 
(R.L.). In this subject, radium entered the circulation during one episode by the 


respiratory system, and the metabolic study was conducted 50 to 80 days afterward. 
Urinary excretion constituted only a very small part of the total excretion of this 
patient. It is interesting that the rate of total excretion of stored radium was similar 
to that of the dogs for lead at this time interval after original absorption. The 
patient was excreting about 1% of the remaining radium daily, and the dogs were 
excreting about 0.4% of the remaining lead 50 days after the first injection. 

A superficial comparison of radium and lead excretion would indicate that the 
response of R.L. to parathyroid medication was no better than that of the dogs. 
The very much greater increase in urinary calcium excretion and the higher levels 
of serum blood calcium found in the dogs during medication show that they 
received more adequate medication than R.L. was able to take. In this same 
study, Patient 2 (E.C.), with advanced chronic radium poisoning, showed no 
response to large amounts of parathyroid extract. The authors suggest that this 
lack of reaction may be due to evident damage to bone cells. The lack of response 
of lead excretion to parathyroid medication in the dogs cannot be due to total 
bone damage, since the response is adequate in terms of calcium excretion, 

These data are at variance with the marked stimulation of inert lead excretion 
in man (Hunter and Aub!''). Is it possible that radioactivity accounts for this 
difference? It is now known that radioactive salts are deposited in “hot spots” in 
bones and not symmetrically. Localized radiation might inhibit excretion from 
these areas, while calcium in other areas might respond more normally. Thus 
calcium and radioactive lead might not be equally influenced by parathyroid hor- 
mone. The problem obviously needs further exploration. 
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The failure of parathyroid medication in mobilizing lead in the dogs may have 
heen due to diet. Dogs 6, 7, and 5 were fed only horse meat for 18 months before 
injection of lead; Dog 8 received this low calcium diet for 5 months before the 
experiment. It ,is conceivable that both calcium depletion of the skeleton before 
lead injection and the continuation of high calcium diet afterward (14 to 37 days) 
may have contributed to the migration of lead beyond the areas of bone from which 
calcium is readily removed by parathyroid medication. In chronic lead poisoning, 
Hunter and Aub" have shown that such migration can occur. When their patients 
were given a course of parathyroid medication, both calcium and lead excretion 
were increased. When calcium, which had been removed in this fashion, was 
restored by diet, a second course of parathyroid medication increased the calcium 
output only. 

CONCLUSIONS 

Radioactive lead, used experimentally as an indicator for inert lead, is toxic to 
dogs when injected intravenously in amounts ranging from 0.2 to 2.3% 10° me. 
per kilogram. Varying the amount of inert lead between 0.6 and 6.7 mg. per kilo- 
gram did not appear to influence the survival time. Toxicity appeared to be 
dependent upon the amount of radioactivity. 

The average urinary excretion of this tagged lead analyzed as radium D was 
roughly 67% of the total excretion. 

Parathyroid hormone, low calcium diet, or high calcium diet had no effect on 
excretion of tagged lead. This is not in agreement with our previous findings with 
inert lead. A possible explanation is discussed in the text. It is doubtful that the 
toxic effects of radiation seriously impaired the mechanism involved in the response 
to parathyroid hormone, because this medication caused a satisfactory merease im 
calcium excretion, 

As much as 60 to 80% of the injected lead was excreted during the lifetime of 
the animals which survived some months. Only a small fraction of the stored lead 
Was present in organs other than bone. 

Dogs given radioactive lead appeared to develop uremia after some months. 
Apparently the azotemia, leucopenia, and physical deterioration in these animals 
were due to the radioactivity, since the injection of 1.9 and 2.7 mg. per kilogram 
of inert lead had no apparent deleterious effects on the health of two other animals. 


The clinical evidence of renal failure was more obvious than the pathological 


evidence. There were five cases of known terminal azotemia, yet only three of 


them showed histological evidence of kidney damage. Indeed, one animal had a 
histologically normal kidney in spite of increased permeability of this organ for 
two months before death. 


METHODS AND PROCEDURE 


Preparation and Measurement of Radioindicator—The activated lead salt was prepared by 
adding a known amount of inert lead chloride to a hydrochloric acid extract from spent radon 
tubes. The tubes had been stored for several years to make certain that only radium D and its 
disintegration products remained, This tagged lead chloride was precipitated as the sulfide, 
dissolved in hydrochloric acid, and recrystallized and weighed. 

Aliquots of the solution of this mixture were dried down in Petri dishes and stored as per- 
manent standards of reference by means of which all measurements of radioactivity were 
calculated. The radioactivity measured was that from radium FE in equilibrium with radium D. 
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The arbitrary unit of radioactivity selected was that associated with 1 mg. of the lead chloride 
mixture. The standard was recalibrated by Dr. F. C. Henriques Jr., and the total activity so 
obtained. 

This work was done between 1934 and 1940. Therefore beta radiation was measured by an 
electroscope and ionization chamber. The cylindrical ionization chamber was between 7 and 8 
in. (18 and 20 cm.) long, with a very thin cellophane window, and was filled with argon at 
4 to 5 cm. pressure. The ionization current was measured by means of a D. C. amplifier circuit 
which uses an F. P. 54 electrometer tube. 

Preparation of Biological Material for Measurement.—Excreta were stored until the end of 
the metabolic study. To avoid any possible contamination of glassware, ashing and analysis were 
begun with the last metabolic period on each animal. Excreta and organs were digested with 
nitric acid and small amounts of Superoxol. The precipitate after evaporation was taken up in 
hydrochloric acid, pH adjusted, lead precipitated with hydrogen sulfide, and filtered in the usual 
way. The sulfide precipitate and filter paper were dried and ashed in the muffle furnace. The ash 
was dissolved in 1/1 hydrochloric acid, transferred to a Petri dish, and dried for measurement. 
In many cases a precipitate formed in the original extract as the pH was being adjusted. This 
was always filtered off and ashed and its hydrochloric acid extract measured for the radioactivity 
it often contained. The filtrate after gassing was also checked for radioactivity although none 
was found in it. The maximum amount of other inorganic salts which would not interfere with 
activity measurements was determined by measuring a series of aliquots of samples with activity 
extending over the range of the electroscope. Precipitation on the walls of the Petri dishes was 
reduced to a minimum by the use of radiant heat in evaporating the samples. Glassware was 
tested for radioactivity before use. 

Preparation and Injection of Lead —Three animals were given colloidal activated lead 
phosphate in gelatin prepared according to the technique of Bischoff and Blatherwick.'* Seven 
to 11 cc. was injected in three doses over a period of six days. Because of the acutely lethal 
results it was decided to use a much smaller amount of radioactivity and abandon the gelatin. 
Instead, the serum of each animal was used as the suspending medium for seven of the nine 
animals studied, including the two animals which received inert lead chloride. Serum of Dog 4 
was the suspending medium for injection of Dogs 9 and 10. Aseptic technique was observed 
throughout from the drawing of blood to the injection of lead. Sufficient serum was obtained 
by drawing blood six times from each dog at three-day intervals. Serum was stored in the cold 
in vaccine bottles in 20 ml. amounts. Each lot of lead phosphate was prepared in the following 
manner: With the larger amounts of inert lead chloride the salt was weighed into a sterile 
beaker (Dogs 6, 7, and 5). A known volume of activated lead chloride solution was added to it 
in the desired proportion and the salt dissolved by gentle heat. Enough phosphate buffer (M/15, 
pH 7.381) was transferred to the serum in the vaccine bottle to react with the lead to be added. 
Then the lead chloride solution was added to the serum drop-wise and with shaking. Beaker 
and pipette were rinsed with a total of 5 or 6 ml. of isotonic saline. All dogs received the lead 
intravenously in three, five, or six doses at three-day intervals 

Deleading Medication.—Lilly’s parathyroid extract (100 units per cubic centimeter) was 
injected at 5 p.m. Blood for serum calcium was drawn 16 to 17 hours later. Ammonium chloride 
dosage was 0.5 gm., usually twice daily. 

Metabolic Routine —All dogs from which excreta were collected were trained in metabolic 
cages with wooden spoked racks for flooring and glass-faced drains to urine bottles. With Dogs 
6, 7, and 5, five-day stools were marked with carmine. Their constipation necessitated large 
doses of cascara, and because of this, separation of urine and feces was often incomplete. No 
catharsis was used for Dogs 8, 11, and 12. Instead, urine was pooled to match fecal output in 
time. Thus, if there were stools only on the third and seventh days after carmine was shown, 
the urine would be collected as two periods, one of three days’ and the other of four days’ 
duration. Then data on each were calculated to a five-day basis, and the average taken to show 
representative excretion for that part of the metabolic study 

Diet—The usual low calcium diet consisted of boiled horse meat; in some cases this was 
replaced by boiled beef heart, tongue, and inside of mouth. On high caletum diet, whole or 
evaporated milk was added to the intake; feeding of the milk by stomach tube was employed to 


maintain uniform daily intake in those animals which would not drink all of it voluntarily. 
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Methods of Chemical Analysis—Calcium determinations were made by the method of Fiske 
and Logan,'* phosphorus determinations by the method of Fiske and Subbarow.'* Renal function 


tests were carried out according to the technique of Collins !® and estimated with the Evelyn 
colorimeter. 
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PARTICIPATION OF A LABOR UNION IN THE STUDY 
OF PROBLEMS OF PSYCHIATRY IN INDUSTRY 


LOUIS L. TUREEN, M.D. 
ST. LouIs 


es ORDER to provide medical care for its members, the A. F. of L. Teamsters 
Union, Local No. 688, of St. Louis, organized a voluntary prepaid medical plan 
in 1945, known as the St. Louis Labor Health Institute. The union, in negotiating 
its contracts with the participating employers, secured provisions for the health fund 
which is contributed by the employers and represents an amount equal to 5% of the 
payrolls. The L. H. I. (as it is popularly known) undertakes to provide complete 
medical, dental, and hospital care to the union members enrolled with it and their 
dependents. At its inception the L. H. 1. provided hospitalization through the Blue 
Cross Plan, but experience demonstrated that the L.. H. I. could operate its own 
hospitalization plan more economically. This is currently in successful operation. 

The L. H. I. is governed by a lay board of directors, which is elected by the 
union membership. Management as well as labor is eligible for membership on the 
board. This nonprofit corporation is entirely independent of the union in its admin- 
istration and financial control. Medical policies are administered by a medical 
director and an advisory board. Medical activities of the professional staff are 
entirely free from lay control. The professional relationship between physician and 


patient is maintained as in private practice, with preservation of the customary 
professional secrecy and confidence of the patient. 


The professional staff is comprised of 50 or more physicians and dentists, all 
employed on a part-time basis and organized into professional services and sections. 
Where consultations require a specialist not on the staff, outside consultations are 
secured, The medical director is employed on a full-time basis. The activities of the 
L.. H. 1. are intended to provide optimal medical care to the working class segment 
of the population, whose average earnings range from $40 to $60 per week. There 
are currently close to 15,000 members entitled to the services of the L. H. L., of 
whom 9,000 availed themselves of this privilege in 1952. The medical staff functions 
as a carefully integrated group in medical practice. 

The close working relationship between a diversified group of physicians and an 
economically and socially homogeneous group of patients has the result that the 
patients identify their phy sicians with their own interests. This identification tends 
to differ from their feelings toward physicians in private practice, where financial 
obligations become a consideration, toward hospital outpatient clinics, where they 


From the Section of Neuropsychiatry, St. Louis Labor Health Institute, and the Department 
of Clinical Psychiatry and Neurology, St. Louis University School of Medicine. 
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feel themselves regarded as paupers, and toward company-employed physicians, 
whose interest they identify with the emplover. This setting provides an approach 
to industrial medicine from the working man’s point of view. 


There are, however, certain problems common to industrial medicine in any 
setting, such as sick leave, compensation claims, reemployability, ete., which fre- 
quently arise in this setting and with which the L. H. I. physicians inevitably and 
unwittingly become involved. The physicians’ distaste for this facet of their medical 
practice is exemplified by their reluctance to treat any compensation cases that may 
present themselves, though they do not refuse service to patients who ask for it. 
The L. H. 1. physician is even more loath to become entangled in a dispute between 
patient and employer, whether it concerns certification for sick leave, to which each 
patient is entitled upon his visit to the medical center, the employer's concern about 
excessive absenteeism, or the patient’s striving to secure his job again after a dis- 
abling illness. Despite his own feelings, the thoughtful and conscientious physician 
is soon faced with a need to understand tie meanings of these situations in his 
therapeutic relation with the patient. The purpose of this paper is to draw atten- 
tion to this aspect of industrial group medicine and the role of the psychiatrist in 
orienting the participants to this phase of the work. 


When a psychiatrist was first employed by the L. H. I. in 1946, it was on an 
experimental basis, without established precedent for his activities. Most coopera- 
tive health clinics, if they employ a psychiatrist at all, utilize him as a consultant 
only. Since the goal of the L. H. [. is to provide preventive and therapeutic medical 
service to all members, the psychiatric activities were allowed to develop at the 
discretion of the psychiatrist. At first much resistance was met not only from the 
patients but also from the other physicians and the lay management of the L. H. I. 
Patients were naturally suspicious of the implications of a referral to the psychiatrist, 
and their physician's doubts increased their anxieties, particularly when inadequate 
interpretations were made about the referrals. The educative process during the 
years has borne fruit, and today the work of the psychiatrist is fully integrated into 
the group practice of the participating physicians. When in 1951 the administration 
summarily considered eliminating the psychiatric department (for economic rea- 
sons), the storm of protest from both patients and professional staff was sufficiently 
strong to alter this plan. There are today three members on the psychiatric staff 
who devote a total of 20 hours a week in the outpatient medical center in addition 
to their visits to hospitals. These hours are currently insufficient for the demands 
for time that are being made. 

The psychiatrist acts as consultant to the medical staff and as therapist to indi- 
vidual patients requiring treatment. As consultant, the psychiatrist returns half of 
the patients who are referred to him for diagnostic appraisal back to the referring 
physician for care and treatment, Evaluation of the patient's personality and symp- 
toms becomes an important factor in the future course of the medical care of certain 
patients. For example, the case of each patient, prior to hospitalization, is reviewed 
by the entire medical staff at weekly meetings. The psychiatrist's judgment may 
enter into the decision as to whether an operation should be performed or whether 
or not the patient should even be hospitalized. 

The treatment program is geared to the medical needs of the patient but is kept 
within the framework of economic reality of the L. H. 1. Most of the psychiatric 
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patients need not absent themselves from work while attending the medical center. 
Very few are hospitalized, except for diagnostic study or in cases of severely dis- 


turbed states. Where feasible, such procedures as electroshock therapy are given 
on an outpatient basis at the hospital. For convenience of discussion, the treatment 
offered by the psychiatric section may be classified as (1) supportive, (2) suppres- 
sive, and (3) dynamic psychotherapy. 


SUPPORTIVE THERAPY 

Frequently it is possible in one or two or at most a very few interviews to 
explore with a patient on a quite superficial level the meaning of his presenting 
disturbances. It seems wise in these cases to go no further and by reassurance and 
simple interpretation to relieve their distress and anxieties. In this way the psychia- 
trist serves as an adjunct to the medical or the surgical department, helping to clear 
up threatening and disturbing symptoms. For example, after an operation for 
removal of a hermated disc, persisting pain confined a patient to bed for several 
weeks, and she subsequently required rehospitalization, The psychiatrist recognized 
this patient's persistent illness as a reaction to her quarrel with a daughter over the 
former’s paramour. The illness served as a bid to enlist the daughter's interest and 
friendship. She was isolated in her home. Two weeks in a convalescent hospital, 
where she received physical therapy, engaged in occupational therapy, and was sur- 
rounded by a friendly hospital statf and fellow patients, provided emotional support. 
In addition, during three psychiatric interviews she was able to ventilate and gain 
an appreciation of the emotional aspect of her symptoms, which promptly cleared 
up, and she was able to resume work. No further therapy appeared necessary at 
this point. 

SUPPRESSIVE THERAPY 

In instances where interpersonal relationships at home or at work are more 
seriously disturbed, amelioration of symptoms rather than resolution of conflicts 
may become the aim of treatment. Use of sedatives, inhalations of carbon dioxide, 
and even electroconvulsion therapy seem indicated and are utilized. Some support 
is additionally provided in interviews. For example, a patient with ulcerative colitis 
could not accept psychotherapy. Use of carbon dioxide was promptly followed by 
an arrest of symptoms and x-ray findings which had progressed for two years 
previously, a decrease of bowel movements to one a day, and a gain in weight. In 
other instances, depressed patients can be restored to work within two or three 
weeks. It is frequently necessary to make interpretations to members of the family, 
and more particularly to the employer, as to the significance of the patient's symp- 
toms and behavior. Such “environmental manipulations” help tremendously in the 
treatment program, 

INTENSIVE PSYCHOTHERAPY 

More intensive psychotherapy is limited to a relatively small number of patients, 
consistent with the time available to the psychiatrist. Here, too, the objectives of 
treatment are limited to the conversion hysterics, anxiety states, and domestic rela- 
tion problems. Visits are limited to 30- to 45-minute sessions at weekly intervals ; 
they offer an effective approach to a group of patients who otherwise could rarely 
have the help of a psychiatrist. The relationships with these patients develop simi- 
larly to those in a private psychiatric setting. 
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EXPANSION OF SERVICE AND EVALUATIVE RESEARCH 

It is evident that the program as currently operated is insufficient to meet the 
needs, if not the aims, of the psychiatric section. Recoramendations have been made 
that the number of psychiatric clinic hours be doubled and that a social worker and 
a clinical psychologist be added to the staff. Provisions for child-guidance work are 
at present wholly inadequate. Plans for group therapy, particularly of selected 
psychosomatic cases, are being studied. Under consideration is a program of indoc- 
trination of a selected group of internists interested in appropriate techniques of 
managing certain patients with psychosomatic disturbances. 

Several studies at the L. H. I. are currently in progress. One of these is to 
evaluate the psychiatric service in terms of its efficacy in the over-all medical care 
program. It should be of interest to establish the incidence of psychiatric disturb- 
ances in this segment of the population and to determine how great a role psycho- 
somatic disorders play in producing incapacitating physical illnesses. The economic 
feasibility of providing useful, if only limited, psychiatric services to these patients 
requires careful examination. Another study deals with attitudes of the union mem- 
bers toward the Labor Health Institute. The high utilization of the facilities by the 
membership suggests that this analysis will find the L. H. I. highly regarded by the 
membership. A third study, which should be of value to those interested in psychiatry 
in industry, deals with convalescence following major surgery. An analysis is under 
way to determine the length of convalescent absenteeism among patients of the 
Institute, and this is to be compared with similar absenteeism following surgery in 
private practice. Preliminary data show that hospitalization periods for Institute 
members are shorter than those for the average similar hospital case. 


EMPLOYER-L. H. I. RELATIONSHIP 


The need for communication between medical statf and employers has been 
repeatedly demonstrated in treating patients with physical and emotional dist»rb- 
ances. The informal telephone calls to foremen or supervisory employees have been 
manifestly inadequate. During the past year this necessary liaison has been materi- 
ally strengthened by the interest of the medical director in making visits to personnel 
directors of various contracting companies. As yet no adequate machinery has been 
set up for regular conferences between physicians and employers ; such conferences 
as do occur require permission of the patients. The medical director's visits to the 
plants appear to set up a pattern which should ultimately crystallize into a planned 
program, Unquestionably this need is strong with patients who are convalescent 
and whose reemployability is questioned. Particular problems have arisen with 
certain groups of patients, viz., epileptics, psychotics, cardiacs, and hemiplegics. 

In the matter of convalescence, one troublesome problem presents itself. The 
union contract provides for sick leave, which some members interpret as additional 
time off to which they are entitled. Disputes have arisen between physicians who 
do not consider the patients sick enough to absent themselves from work and patients 
who demand this time off. Sometimes company physicians disagree with L. H. I. 
physicians in these matters. Interpretation by the physician to the effect that sick 
leave is actually an insurance provision rather than an additional vacation right is 
usually effective. Nevertheless, some hostilities develop, and in serious situations 
the psychiatrist sees the patient. It is a commentary on the rapport in the psychiatric 
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section that such disagreements have not developed with patients receiving psychi- 
atric treatment. [Eventually patients come to see their demands as part of their per- 
sonality problems, which are treated as such. 

In the neuropsychiatric section there are currently approximately 10 epileptic 
patients under treatment. They have not lost any time from work. The frequency 
of attacks has been decreased, but they have not been entirely abolished. Sometimes 
attacks occur at work. The work assigned to these patients is not hazardous. They 
have all remained economically and socially useful and independent. This acceptance 
has meant much to their morale and has materially helped our treatment program. 
In one of these patients two separate episodes of depression with paranoid reactions 
occurred. The first followed a minor accident at work. The patient became involved 
in litigation against his employer and the insurance company. He mistrusted the 
company physician but was able to accept my interpretations. The developing invalid 
reaction was aborted; the patient lost a few weeks from work and did not pursue 
an unjustified compensation claim. He was accepted back at work in his former 
status without any reprisals. Two years later he developed a similar pattern after 
some domestic difficulties in his recent marriage. Again a long period of illness was 
avoided. The understanding employer accepted the interpretations of the patient's 
needs for a brief period of part-time work while he was being treated. Within three 
weeks he was back at full-time work, some of the difficulties were ironed out, and 
he was restored to the status quo ante. 


Psychotic patients have been kept on their jobs for as long as two years, while 
they remained ambulatory and could function in their particular jobs. This required 
tolerance from their fellow employees but more particularly from their supervisors. 


Sometimes a brief work interruption for electroshock therapy was granted. Fellow 
employees usually recognize the fact of the patient's illness and are inclined to be 
protective. The liaison established between the L. H. I. and the employer similarly 
serves as a protective device. These dependent persons could thus be maintained at 
their jobs despite illness or periodic brief losses from work because of incapacity. 

Reemployment of patients who have been seriously ill is a matter which must 
be regarded as one of the major functions of the L.. H. I. In fulfilling this obligation, 
at least three factors must be considered: (1) the physical and mental status of the 
patient, (2) the nature of his job requirements, and (3) the needs and attitudes of 
the employer. Differences of opinion arise between the employer and the physician 
as to the patient’s fitness for work. Knowledge of the exact duties of the patient 
would assist the physician in determining whether the former job could be resumed. 
Sometimes a patient is reluctant to accept a change in jobs because of the loss of 
income, prestige, familiar surroundings, and fellow workers or because of an inability 
to adapt himself to new working conditions. On the other hand, the employer may 
be concerned about the patient’s fitness to work. The company physician may con- 
sider a draining postoperative sinus a contraindication for work, whereas the operat- 
ing surgeon may certify the patient as able to do his job. In one instance, the 
employer protested to the medical director that a pregnancy, in his opinion, was 
being jeopardized by the patient’s work on a punch press. The obstetrician was not 
informed by the patient of the kind of work she did. Because the patient's privileged 
communications could not be violated, the medical director could not discuss the 
problem freely with the employer, nor did he feel that he could interfere with the 
patient’s wishes in this case, leaving the employer dissatisfied. It must be realized 
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that the protection of job security, seniority status, and correlative benefits offered 
to the union member by the union often adds to the employer’s discomfiture. This 
complex question of reemployability requires considerable clarification by all parties 
concerned; the physician, the employer, and the patient. 

To this end a series of conferences have been held among representatives of the 
contracting companies, union membership, and union leadership. At the first meeting 
the medical director, a clinical psychologist, a sociologist, and a psychiatrist were 
also present. This preliminary meeting was limited in numbers so that the purpose 
and direction of such discussion groups could be explored. At the outset a brief 
statement was made of the objectives of the meeting, so that matters of mutual 
interest could be discussed. The initial subject chosen was the problem of absentee- 
ism and sick leave. A personnel officer commented that, since the employer was 
paying for the medical care, he was interested in the extent to which employees 
were utilizing the L. H. I. and the kind of medical care being provided. He was 
critical of the lack of consultation between physician and employer. Another 
employer’s representative introduced the question of abuse of sick leave and the 
problem of unexpected absences from work in order to visit the medical center. An 
exchange took place between members of the meeting, some protesting, some defend- 
ing. The psychologist pointed out the intragroup dynamics. Finally, a series of ques- 
tions were posed, with the decision to circulate them among a larger representation 
of management, who were invited to subsequent meetings. These meetings have 
continued periodically now for almost six months and are to be continued, Their 
usefulness has already been demonstrated. At a later date the contents and meaning 
of these discussions will be reported. 

One brief comment must be made about the status of the physician who is 
employed by the L. H. I. It must be emphasized that his professional relationship 
is directly with and for the benefit of the patient. No control is exercised on his 
medical judgment except that which arises from free discussion in staff meetings, 
where the medical problem is thoroughly reviewed by the entire group. The physi- 
cian owes no direct responsibility to the employer except to discharge competent 
medical care to the patient. The Union cannot and does not interfere in medical 
matters, though policies dealing with augmentation of staff or expansion of services 
depend upon budgetary requirements as established by the lay administrative board. 
The physicians have felt the need to hold discussions with the management in 
regard to salaries, tenure of employment, and longevity pay, not unlike that experi- 
enced in any employer-employee situation. And, finally, the medical community in 
St. Louis accepts the activities of the L. H. [., even if it does not heartily endorse 
them. 

SUMMARY AND CONCLUSIONS 


Only a few of the aspects of industrial medicine as approached from labor's side 
are touched upon in this report. It is immediately apparent that, as this matter is 
further contemplated, a rich source of study of intergroup relationships and tensions 
is inherent in the structure of the L. H. I. The psychiatrist’s role in this particular 
phase of the work as a directing force in this study and as an interpreting influence 
in the dynamic exchange is evident and perhaps is ultimately his most important 
function. In addition, of course, he is able to provide a limited but useful psycho- 
diagnostic and psychotherapeutic function to a segment of the population to which 
these services are not readily available or are denied. 
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TOXICITY OF SILICA 
Il. Characteristics of Protein Films Adsorbed by Quartz 
LESTER D. SCHEEL, Ph.D. 
B. SMITH, B.S. 


J. VAN RIPER, B.S. 
AND 


E. FLEISHER, B.S. 
TRUDEAU, N. Y. 


HE MANY observations in the literature citing the injurious nature of quartz 
dust when inhaled emphasize the need for an adequate explanation of this 
phenomenon. Much of the reported work has been accomplished by exposing 


animals to a dusty atmosphere or by intravenous injection of particulate material. 
The work of Gardner! at the Saranac Laboratory showed that the harmfulness of 
quartz dust decreased as the particle size increased and virtually disappeared when 
particles larger than 8 to 10 » were used. This work was confirmed and extended 
by Tebbens, Schulz, and Drinker.* Silverman and Moritz,* using fused and unfused 
quartz, were able to demonstrate that the tissue reaction was proportional to the 
surface area of the particles. This work also confirms the observations by Gardner 
that the crystalline structure of silica enhances the toxicity of silica particles but is 
not essential for the demonstration of toxic action by silica particles. Cummings,‘ 
at the Saranac Laboratory Symposium in 1937, recognized the observations which 
indicated that the toxicity of silica was intimately connected with the surface of 
the silica, although no definitive experimental work was at hand to indicate the 
mechanism of this action. 

Following the observation presented in the previous paper * that quartz particles 
1 to 3 » in diameter adsorb protein from solution, it was decided that further study 
of this system was warranted. Since quartz can be accurately sized by settling in 
water, 500 gm. of 1 to 3 » quartz particles was prepared. This batch of particles has 
been used in all the quartz experiments reported in this series of papers. Crystalline 
egg albumin, bovine albumin, and fibrinogen were chosen as the proteins for study, 
because they were commercially available in a state of reproducible purity. 


EXPERIMENTAL PROCEDURES 


The desired amount of protein was dissolved in saline solution, and a suspension of quartz 
particles in saline was added to the protein solution by placing the tip of the pipette containing 
the quartz suspension below the surface of the protein solution and allowing the suspension to 
flow into the protein solution. To maintain the suspension of the particles in the protein solution 
as long as possible, the tubes containing the suspension were stoppered and fastened to a wheel 
rotating at 1 rpm. The agitation was continuous for 12 to 18 hours for the adsorption process. 
The tubes were then centrifuged, the supernatant decanted, and the protein-coated dust particles 
were washed six times with saline solution. The concentration of dust particles was routinely 
2 mg. per milliliter, and except where indicated, the protein solutions were made to contain 
0.2% of the dry commercial protein preparation. 


From the Department of Biochemistry, The Trudeau Foundation. 
* Scheel, L. D.; Fleisher, E., and Klemperer, F. W.: Toxicity of Silica: I. Silica Solution, 
A. M. A. Arch. Indust. Hyg. 8:564, 1953. 
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The amount of protein adsorbed by the quartz particles was determined by a micro-Kjeldahl 
procedure adapted from Hawes and Skavinski.® This procedure made it possible to avoid trans- 
ferring the protein-coated particles from one tube to another. The tube in which the particles 
were coated and washed served as the digestion flask. and the ammonia was transferred to the 
receiver by diffusion. The diffusion was aided by roteting the tubes with the receiver in place 
at i rpm. In this way, complete transfer of the ammonia was achieved in five hours. Routinely, 
however, the diffusion was allowed to run overnight. 

The receiver was constructed from a piece of 7 mm. glass tubing 3 in. (1 cm.) long, to which 
a short piece of glass stirring rod was fastened for a handle. The receiver was held in place 
away from the walls of the digestion and diffusion tube by imbedding the handle of the receiver 
in a hole drilled through the rubber stopper. The ammonia was collected in sulfuric acid, placed 
in the receiver with a micropipette, and titrated with standard alkali delivered from a Scholander 
burette. 

Reagents.—The reagents employed were as follows: 

NaOH: 0.1 N and 50%, clarified by centrifugation. 

H2SO,: 0.1 N. 

Digestion solution: 2.5 gm. of CuSO, and 35 gm. of KsSO, dissolved to make a saturated 
solution of in 10 N 

Method.—The experimental procedure was as follows: 

After the protein-coated dust has been washed with saline solution and the wash water 
decanted, 0.4 ml. of the digestion solution is placed on the sample. The sample is then placed in 


TABLE 1.—Recovery of NHs 


No. of yN YN 

Det'n. Added Found Range Recovery, % 
53.0 52.31 51.4-53.8 98.6 


the digestion block (a 34 in. [1.9 cm.] iron block with 3% in. holes % in. [1.2 cm.] deep) and 
brought slowly to a temperature of 320 C. over a radiant heater. The samples are digested until 
they clear and for 30 to 45 minutes longer. After the digestion is completed, the samples are 
cooled in ice water and diluted with 0.6 ml. of water. The receiver is placed in a rubber stopper 
and filled with 0.1 ml. of 0.1 N HeSO, delivered from an accurately calibrated micropipette. 
The 0.4 ml. of 50% NaOH is then carefully run down the side of the cold sample tube, and the 
stopper and receiver placed in the mouth of the tube. The contents of the tube are then gently 
mixed, and the walis carefully and completely wetted with the alkaline solution. The tubes are 
then placed in an inclined position on the rotating wheel and rotated overnight at 1 rpm. 

The receiver is removed from the stopper with a pair of forceps and placed in a small beaker. 
(Beakers for the titration can be prepared by cutting the bottom out of a 12 mm. test tube.) One 
milliliter of distilled water is added to the beaker, with careful rinsing of the sides. One small 
drop of 0.02% methyl red is added, and the beaker is positioned so that the capillary tip of the 
Scholander burette is immersed in the solution and titrated. The recovery figures for (NH4)2SO. 
digested for two hours by this method are given in Table 1. 

To test the effect of pH on protein adsorption from solution by quartz, crystalline egg albumin 
was used, Solutions containing 0.25% of crystalline egg albumin in saline solution were pre- 
pared and adjusted to the desired pH by adding HCl or NaOH. All pH measurements were 
made with the use of a Beckman Model H-2 meter standardized with a potassium acid phthalate 
buffer. The dust suspension in saline solution was made to contain 10 mg. of dust per milliliter. 
This suspension was adjusted to the pH of the protein solution to which it was to be added, and 
20 mg. of the dust was delivered below the surface of the protein solution with a pipette in a 
1:5 volume ratio. Thus the dust adsorbed albumin from solution at a concentration of 0.2%. 
After the suspension had been agitated overnight and the albumin-coated dust washed six times 
with saline, the amount of albumin adsorbed was determined by micro-Kjeldahl. The results 
of this experiment ave given in Chart 1. 
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As indicated in this chart, the adsorption of albumin is maximum on the acid 
side of the isoelectric point. The amount of protein adsorbed decreases rapidly as 
the pH is shifted away from the isoelectric point on the alkaline side. Therefore, 
if the negative charge of the quartz particle remains constant at all pH values, then 
the increasing negative charge of the albumin molecules as the pH increases causes 
a decrease in the net force of adsorption, resulting in a decreased amount of protein 
adsorbed as the pH increases. This conclusion is substantiated by the sharp increase 
in albumin adsorption on the positive side of the isoelectric point as at pH 3 and 4. 


GG ALBUMIN/iO MG. I-3u QUARTZ 
a 


ISOELECTRIC POINT 


| 


Chart 1. 


The effect of protein concentration on the amount of egg albumin adsorbed from solution 
was tested at pH 6.8. Crystalline egg albumin was chosen for carrying out this study,. and all 
solutions were made to contain 0.9% NaCl. The dust was suspended in a manner identical with 
that described above, and the amount of protein adsorbed was determined by the same method. 
These data are given in Chart 2. 

The data given in Chart 2 show that as the protein concentration increases the 
amount of protein adsorbed by the quartz particles increases. Although the data 
presented here are for solutions of crystalline egg albumin, similar results were 
obtained for bovine albumin, fibrinogen, and rabbit serum. 
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It was further determined that about four hours are required for the adsorption 
to become complete. If after adsorption becomes complete the dust is resuspended 
in a solution of a different protein at the same concentration, no more protein is 
adsorbed. However, if the protein is adsorbed from a solution of lower concentra- 


tion and then placed in a solution of a different protein at a higher concentration, 
more protein is adsorbed. 


4 
Q 
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Chart 2. 


These results show that the protein concentration determines the amount of 
protein adsorbed for any given pH value. Therefore, in tissue fluids the quartz 
would adsorb protein to a maximum extent for the particular concentration of 
protein in the tissue fluid to which its surface is exposed. If, however, the pH of 
the tissue fluid became more acid, as it does during an inflammatory response, then 
the amount of protein adsorbed by the quartz particle would increase. 

In an effort to characterize the protein on the surface of the quartz particles, 
rabbits were immunized with solutions of crystalline egg albumin. Egg albumin 
was chosen for this study, because specific antibodies to the native and heat-de- 
natured states are formed in the rabbit. The specificity of the immunization was 
32 
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verified by the precipitin reaction for each experiment. The quartz particles were 
coated at pH 6.8 with egg albumin and washed in a manner identical to that 
described for the pH studies. The washed particles were then suspended in the 
antiserum of rabbits immunized to native and heat-denatured egg albumin. A con- 
trol portion of the same coated quartz particles was suspended in the serum from 
a nonimmunized rabbit. The antisera and control serum suspensions were then 
placed on the rotator and agitated overnight at 1 rpm. The particles were then 
centrifuged, the antisera decanted, and the particles washed six times with saline 
solution. The amount of antibody combined with the particles was then determined 
by micro-Kjeldahl. The results of three typical experiments are given in Table 2. 

The above experiments demonstrated very clearly that the adsorption of the 
albumin by the quartz particle has altered the antigenic nature of the native egg 
albumin to which the quartz was exposed. The fact that the adsorbed albumin 
reacted equally well with native and heat-denatured egg albumin antibodies con- 


Taste 2.—Antibody Reactions of Egg Albumin Adsorbed on Quarts 


¥ Protein/ 
Rabbit 10 Mg 
Antigen Antiserum Quartz 
1° Ea antiserum 
HEa | Ea antiserum 
Ea HEa antiserum 
HEa HEa antiserum 
100 mg 
100 mg Control serum 
100 mg Ea antiserum 5 173.0-200.5 
100 mg HEa antiserum 117.8-146.7 


Precipitin 


Ea Ea antiserum 
Ea HEa antiserum 
HEa Ea antiserum 
HEa HEa antiserum 


* Precipitin test before albumin-coated quartz (SEa) was exposed to antisera to demonstrate presence of 
specific antibodies. 


t Antibody reaction with albumin-coated quartz. 


t Precipitin test on antisera after albumin-coated quartz was exposed to antisera to demonstrate the 
presence of excess antibodies. 


§ Ea, native egg albumin, pH 6.8, concentration 0.01%. 
| HEa, egg albumin denatured by autoclaving 15 minutes at 120 Ib., pH 6.8, concentration 0.01%. 
q SEa, quartz coated with native egg albumin dissolved in saline solution, pH 6.8, concentration of albumin 


0.1%, concentration of quartz 10 mg./ml. Coated quartz washed six times with saline solution before resus- 
Pension in test antisera. 


3 Maximum serum dilution giving a precipitate. 


firms the observations by Landsteiner and Rothen® obtained with egg albumin 
films on slides which showed antigenic specificity was lost. 

Following the above observation, it was obvious that the next experiment neces- 
sary was to elute the albumin film from the quartz surface and characterize the 
antigenic properties of the eluate. It was found that alkaline phosphate would 
remove part of the adsorbed egg albumin. These experiments were carried out in 
the following manner. The washed egg-albumin-coated quartz dust was suspended 
in 2 ml. of 0.15 M NagHPO, and agitated at 1 rpm overnight. The dust was then 
removed by centrifugation, and the supernatant solution was placed in a dialysis 
cell to remove the phosphate. This was accomplished by several changes of saline 
in the dialysate chamber. After the removal of the phosphate, the eluate was tested 
for albumin with the antisera of rabbits immunized to native and heat-denatured 
egg albumin. The results of this test are given in Table 3. 
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The results given in Table 3 show that the egg albumin eluted from the quartz 
is only native albumin. In an attempt to clarify this point, an analysis of the effi- 
ciency of the elution process was made by Kjeldahl nitrogen determinations of the 
dust coated with egg albumin before elution and after elution with alkaline phosphate. 
These results are given in Table 4. 

The results in Table 4 indicate that the elution, as it is carried out in these experi- 
ments, is inefficient. Thus it cannot be conclusively stated that no denatured albumin 
is present in the adsorbed film of egg albumin on the quartz surface. However, the 
reaction characteristics of the film after the elution are essentially the same as before 
the elution as shown in Table 4. In fact, the decrease in antigenic reaction of the 
adsorbed film toward heat-denatured antibodies after elution was about the same 


Precipitin 
Rabbit Serum Reaction 


Ea antiserum + (1:64) 
Ea antiserum — (1:0) 
HEa antiserum 
HEa antiserum 
Ea antiserum 
Eluate HEa antiserum 


* Only serum dilution used in testing for untigenic activity. 


Tas_e 4.—Antigenic Properties of Egg Albumin Adsorbed on Quarts Before and After 
Phosphate Elution 


7 Protein/10 Mg. 7 Antibody 
1-34 Quartz % Eluted Combined/y Ea * 
SEa: (before elution) os 
SEaz (after elution) J 38 
SEa: : Ea antiserum 
SEaz: Ea antiserum 
SEa:: 
SEaz: 
SEai: 
SEaz: 


* The nonspecific adsorption of proteins from control serum is assumed to take place in the antisera also. 
Therefore, the calculation is as follows: 


7 protein — (y Ea + ¥ protein from control serum) 


= y antibody combined/y Ea 
as the decrease in reaction toward native antibodies. Therefore, it is indicated that 
the protein eluted was a representative sample of the adsorbed film on the quartz 
particles. This leads to the conclusion that the strong reactivity of the adsorbed 
film with both antibodies is present only in the adsorbed state, since the eluted egg 
albumin was shown to react only with native antibodies. This then shows that in 
the adsorbed state the egg albumin film on the quartz surface has an altered mole- 
cular structure. 

Uwazumi’ has shown that it is possible to obtain an immunization in rabbits 
to heat-denatured homologous proteins. With some difficulty an antigenic reaction 
for heat-denatured rabbit serum was demonstrated. 

In previous experiments it was shown that quartz particles 1 to 3 p in size alter 
the antigenic properties of egg albumin adsorbed on the surface of the quartz. An 
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attempt was then made to demonstrate antigenic activity of quartz particles coated 
with rabbit serum by intravenous injections of the serum-coated particles. These 
experiments were carried out in the following way: 


Rabbit blood was withdrawn by venipuncture, from the marginal ear vein vith a 10 ml. 
syringe and placed in a clean dry test tube. The blood was allowed to clot, centrifuged at 2,500 
rpm, and the clear serum carefully removed with a pipette. Quartz dust suspended in saline 
was then delivered into the serum in a volume ratio of 4: 1 to give a final dust concentration of 
10 mg. per milliliter. The serum-coated dust was then washed six times with saline and resus- 
pended in saline to give a dust concentration of 10 mg. per milliliter. One milliliter of the 
suspension was then injected into the marginal vein of the rabbit's ear every four days for four to 
six weeks. Samples for titering the agglutinins were taken at 4, 7, 10, and 14 days after the last 
injection. Fresh dust suspensions were prepared each week for the injections. 

The antisera from the injected animals were titered for agglutinin activity in the following 
way: 

A serial dilution of the antiserum in saline solution was made, and 0.5 mg. of serum-coated 
quartz dust suspended in saline solution was added to 1 ml. of each antiserum dilution and 
allowed to stand overnight in the refrigerator. The dust was then resuspended in the serum 
dilution, and a portion of the serum dilution suspension was placed in a 5 mm. test tube and 
rotated in a horizontal position at 1 rpm. Those antisera having agglutinin activity gave gross 
clumping of the dust particles in one to two hours. In this way the maximum titer of the serum 


Tas_e 5.—Antigenic Cross Reactions of Proteins Adsorbed on the Surface of Quarts Particles 


No. of No. of Maximum Titer Obtained with Antigens * 
Rabbits Rabbits ~ - 
Antiserum Tested Immunized SS Ea HEa SEKa 
bb 128 128 
18 16 612 
18 16 
4 O4 
16 


SAlEa 


* SS, quartz coated with rabbit serum; Ea, native egg albumin (precipitin titers); HEa, heat-denatured 
egg albumin (precipitin titers); SEa, quartz coated with egg albumin, and SAlEa, quartz treated with 
aluminum hydroxide, then coated with egg albumin. 


¢ Control, serum from a normal rabbit tested in a manner identical with the antisera. 


was shown to increase as the injection time increased up to six to eight weeks. The maximum 
titers obtained with various antigens as given in Table 5 are the average of the maximum figures 
obtained with all the animals in which immunization was obtained. 

The data in Tables 2, 3, and 4 have shown clearly the lack of specificity of the 
egg albumin film adsorbed on the quartz particles for antibody combinations. In 
Table 5 these previous data are confirmed by the fact that antibodies are produced 
to both native and heat-denatured egg albumin in response to the injection of egg- 
albumin-coated quartz particles. It was found also that serum-coated particles are 
agglutinated by the sera from an animal injected with egg-albumin-coated particles. 


The agglutination of serum-coated particles in response to the injection of 
serum-coated particles is definitely shown in this qualitative test. The reaction of 
heat-denatured egg albumin and egg-albumin-coated quartz with the antiserum from 
a rabbit injected with serum-coated quartz adds additional evidence to the idea that 


an adsorbed film of protein on the quartz surface causes heterogeneous antibody 
production. 


The demonstration that aluminum hydroxide will inhibit the characteristic 
fibrotic reaction in tissue exposed to quartz dust is well known. In these experi- 
ments quartz was suspended in saline in a bottle containing a dialysis bag filled 
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with a suspension of aluminum hydroxide. Thus the quartz was exposed during 
72 hours of agitation to a solution of aluminum hydroxide which was kept near the 
saturation point by the presence of the dialysis bag. As shown in Table 5, the 
reactivity of such a dust when coated with egg albumin is greatly decreased. 
Further, the reactivity of this dust is principally with those antisera which contain 
native egg albumin antibodies. No reaction was observed with heat-denatured egg 
albumin antibodies. Thus it appears that aluminum hydroxide treatment has pre- 
vented alteration of the native state of the egg albumin during adsorption on the 
surface of the particle. 

The agglutination reactions in response to the injection of serum-coated quartz 
particles have not been obtained after the injection of other dusts. The injection 
of the following serum-coated dusts for eight weeks in at least four rabbits failed 
to give an agglutination titer: alpha aluminum hydroxide, silica gel, olivine, alu- 
minum hydroxide-treated quartz, beryllium oxide, and opal. 

These dusts were all ground to 3 » and under before being coated with serum 
for injection. The preparation of these dusts was carried out in a manner identical 
with that used for the quartz injections. 


COMMENT 


The above results show that a film of protein is adsorbed from solution by quartz 
particles 1 to 3 » in diameter. The amount of protein adsorbed is shown to be a 
function of the pH of the protein solution and a function of the concentration of 
the protein solution. The lack of specificity of the protein film on the quartz surface 
is shown both by the combination of the adsorbed film with specific antibodies and 
by the ability of the film to produce heterogeneous antibodies when injected into 
the rabbit. It has been further shown that the adsorption of rabbit serum by quartz 
alters the nature of the serum proteins in the film in some unknown manner which 
results in a clearly demonstrable agglutination reaction. The agglutination titer in 
the rabbits in response to the injection of particulate material of a comparable 
particle size has not been obtained with the materials other than quartz so far tested. 

The alteration of protein structure in the adsorbed film is clearly shown, and 
it is entirely possible that the toxic action of the quartz particle may be the result 
of a foreign protein reaction in the tissues. 

Dr. Karl Paul Link, Dr. A. J. Lanza, and Dr. O. Sidney Orth offered suggestions in review- 
ing this manuscript. 
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PHYSIOLOGICAL RESPONSES TO PARATHION EXPOSURE 
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A. INTRODUCTION 

ARATHION is unique among the organic phosphate insecticides in that its 

absorption by man and animals leads to the urinary excretion of paranitrophenol, 
a specific metabolite readily detected in the laboratory. It also has a physiological 
effect, common to other organic phosphates, characterized by reduction of a vital 
tissue enzyme, cholinesterase, which may also be measured by appropriate laboratory 
methods. Measurements of the extent to which those effects of parathion absorption 
occur can be used successfully in the control of occupational hazards associated with 
the use of this extremely dangerous chemical. 

Toxic effects from the absorption of parathion do not occur until the inhibition 
of cholinesterase activity has led to the accumulation in the body tissues of acetyl- 
choline which normally is destroyed by that enzyme. This, coupled with the fact 
that the normal range of cholinesterase activity in unexposed persons is fairly broad 
and may be influenced by ingestion of other substances,’ invalidates a single blood 
cholinesterase activity test as a measure to detect parathion absorption. The test 
for urinary paranitrophenol, however, is not subject to this limitation and hence 
may be used with certainty to prove that parathion absorption has taken place. 
Nevertheless, when absorption of toxic quantities has occurred, the cholinesterase 
activity test, together with clinical signs and symptoms, will measure the extent and 
progress of the poisoning. Thus, it is apparent that both tests have important but 
somewhat different applications in this field. 


In previous studies * we have demonstrated the reliability of the urinary para- 
nitrophenol test as an indication of exposure to parathion. At that time, we did not 
have the opportunity to compare paranitrophenol excretion with changes in cholin- 
esterase activity of exposed persons. Hence, the studies reported herein were 
planned to show whether any correlation exists between reduced cholinesterase 
activity in blood and excretion of paranitrophenol in exposed monkeys ; no adequate 
opportunity to correlate these data in man has yet been encountered. 


From the Connecticut State Department of Health: Biochemist, Bureau of Laboratories (Dr. 
Waldman) ; Industrial Hygiene Physician, Bureau of Industrial Hygiene (Dr. Lieben), and 
Assistant Biochemist, Bureau of Laboratories (Mr. Krause). 
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B. METHODS OF ANALYSIS 


The measurement of cholinesterase activity can be accomplished in several ways: 
(1) titration of CO, set free from bicarbonate buffer by the acetic acid resulting 
from hydrolysis of acetylcholine by the enzyme present in the sample *; (2) deter- 
mination of the amount of standard alkali necessary to maintain pH 7.4 throughout 
a given time unit in a reaction mixture of substrate and sample held at constant 
temperature *; (3) electrometric determination of pH change per hour of the reac- 
tion mixture in a standard buffer (the widely used method of Michel *), and (4) 
colorimetric measurement of the rate (micromoles per hour) of breakdown of 
acetylcholine bromide in a buffered reaction mixture.* Since the last of these four 
methods has proved more reliable than the others in our experience, all determina- 
tions of cholinesterase activity reported herein were made by the method of Huerga, 
Yesinick, and Popper.® 

The method used in this investigation for determination of paranitrophenol in 
urine was that reported by Waldman and Krause.’ 


C. PROCEDURE 

1. Subcutaneous Injection of Parathion—Two cynomolgus monkeys were injected subcutane- 
ously with a mixture of 2% parathion in 50% alcohol. Monkey 729 received a single dose of 
40 mg. of parathion; Monkey 730 received 10 mg. The animals were kept in metabolic cages. 
Blood was taken from each monkey prior to exposure to determine the initial cholinesterase 
activity. After injection, a 24-hour specimen of urine from each was collected daily and examined 
for paranitrophenol. Blood for determination of cholinesterase activity was taken at frequent 
intervals; the activity was determined for both whole blood and serum. The experiments were 
discontinued when no more paranitrophenol was excreted and cholinesterase activity had returned 
to approximately the initial activity. 

2. Skin Exposure to Parathion—Two monkeys were exposed to parathion by applying a 
solution of parathion in xylene to a shaved place on the back of the animals in a way that pre- 
vented the monkeys from touching the exposed areas. Monkey 851 received a single application 
containing 20 mg. of parathion; Monkey 852 received 80 mg. Blood was taken from both animals 
prior to exposure for determination of initial cholinesterase activity. Blood and urine were collec- 
ted and examined in the same manner as mentioned above for monkeys injected subcutaneously. 

In this part of the experiment, only the cholinesterase activity of serum was determined, as no 


additional data had been cbtained by measuring both whole blood and serum in the preceding 
experiment (Tables 1 and 2). 


D. RESULTS 


Monkey 729 (40 Mg. of Parathion Injected Subcutaneously).—Results are 
shown in Table | and Chart 1. Excretion of paranitrophenol started within 24 hours 
after exposure and lasted approximately 24 days. The amount excreted during the 
first 24 hours was 72 y. Excretion reached its peak between the fifth and the seventh 
day and then decreased gradually. Twenty-four hours after exposure, when the 
animal had already excreted 72 y of paranitrophenol, both whole blood and serum 
cholinesterase activity was exactly the same as initially: the subsequent drop was 
rapid, reaching its lowest point on the fifth day. Correlation between reduced 
cholinesterase activity and paranitrophenol excretion was very close following the 
initial lag period for the former. 

Monkey 730 (10 Mg. of Parathion Injected Subcutaneously).—Results are 
shown in Table 2 and Chart 2. Excretion of paranitrophenol started within 24 hours 
after exposure and lasted approximately 22 days. The amount. excreted during the 
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TaBLe 1.—Monkey 729: Urinary Paranitrophenol and Blood Cholinesterase Following 
Subcutaneous Injection of 40 Mg. of Parathion 


Urine 


Para- ‘holinesterase 
nitrophenol Activity, “M/Hr. 
Total Daly 
Days After Output, Daily Days After w hole 
Exposure Ml. In 100 Ml. Excretion Exposure Blood Serum 


ee 250 260 
87 72 250 260 
38 5 


LEGEND © MKROGRAMS PARANITROPHENUL iN 100 ML URINE 
@M/ICROGRAMS PARANITROPHENOL 24 HOUR SPECIMEN OF URINE 


NOTE: #49, 
MUTIAL ACTIVITY 


acTive 
CHOLINE BROMIDE 


ae 


Chart 1 ( Monkey 729).—Urinary paranitrophenol and serum cholinesterase following 
taneous injection of 40 mg. of parathion. 
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first 24 hours was 15 y. Two slightly differentiated peaks of excretion were observed, 
one at 3 to 5 days and one on the 12th day, following which excretion dropped 
rapidly at first and then gradually until it ceased. Twenty-four hours after exposure, 


Taste 2—Monkey 730: Urinary Paranitrophenol and Blood Cholinesterase Following 
Subcutaneous Injection of 10 Mg. of Parathion 


Urine Blood 
+ Para- Cholinesterase 


nitrophenol Activity, aM/Hr. 
Total Daily -—— 


Days After Output, Dally Days After “Whole 
Exposure Mi. In 100 Ml. Excretion Exposure Blood 

0 215 

1 215 
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18 
34 
49 
40 
53 
35 
40 
9 
9 
44 
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33 
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5 
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4 
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PARAN/TROPHENOL IN 100 ML URINE 
PARANITROPHENOL IN 24 NOUR SPECIMEN OF URINE 


ACETYL CHOLINE 


CHOLINE ST ERASE 


C ROMOLES 


DAYS AFTER EXPOSURE 


Chart 2 (Monkey 730).—Urinary paranitrophenol and serum cholinesterase following subcu- 
taneous injection of 10 mg. of parathion. 


cholinesterase activity was only 5 micromoles (uM) lower than before exposure. 
Lowest activity was on the sixth day. From about the 15th day the activity was 
slightly higher than the initial activity. In this animal the activity did not drop below 
40 
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130 uM, a figure generally accepted as one in the normal range (lower limit). The 
correlation between paranitrophenol excretion and reduced cholinesterase activity 
was not as striking as with Monkey 729. 


TABLE 3.—Monkey 852: Urinary Paranitrophenol and Serum Cholinesterase Following 
Skin Application of 80 Mg. of Parathion 


Urine 
+ Para- Blood Serum 
nitrophenol — 
Daily — Cholinesterase 
ad Days After Output, Daily Days After Activity, 
Exposure Mi. In 100 Ml. Exeretion Exposure aM/Hr. 
0 aes os ee 0 200 
1 71 1 175 
2 130 10 13 2 145 
3 125 15 19 3 45 
4 128 15 19 ° 
5 160 17 27 ee 
6 175 35 “4 ee 
7 70 12 x ee 
8 110 30 33 8 7 
95 9 9 
0 


PARANITROPHENOL WW 100 URINE 
MIC ROGRAMS PARAN/TROPHENOL IN 24 NOUR SPECIMEN OF URINE 


AacTiviTyY 


BBS 


Chart 3 (Monkey 852)—Urinary paranitrophenol and serum cholinesterase following skin 
application of 80 mg. of parathion. 


Monkey 852 (80 Mg. of Parathion Skin Exposure ).—Kesults are shown in Table 
3 and Chart 3. Excretion of paranitrophenol lasted 13 days; it reached its peak 24 
hours after exposure, with secondary peaks at 6 and 8 days, then decreased gradually. 
Twenty-four hours after exposure, the cholinesterase activity had dropped only 
slightly from 200 »M (initial activity) to 175 »M. The lowest activity, 45 pM, 
was observed on the third day. Comparison of cholinesterase activity with paranitro- 
phenol excretion shows that a significant drop in activity did not occur until some- 
time after excretion of paranitrophenol was evident. 
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Monkey 851 (20 Mg. of Parathion Skin Exposure)—Results are shown in 
Table 4 and Chart 4. Excretion of paranitrophenol lasted 13 days; it again reached 
its peak 24 hours after exposure, with a second peak at 8 days, and then decreased 
gradually. Twenty-four hours after exposure, the cholinesterase activity dropped 


Taste 4.—Monkey 851: Urinary Paranitrophenol and Serum Cholinesterase Following 
Skin Application of 20 Mg. of Parathion 


Urine 
sie y Para- Blood Serum 
nitrophenol 
Days After Output, Daily Days After Activity, 
Exposure Ml. In 100 Ml. Excretion Exposure “M/Hr. 

0 0 250 

| 190 26 49 1 195 

2 175 9 16 2 100 

8 125 10 12 3 60 

4 145 4 6 

5 190 9 

6 160 15 24 

7 120 21 26 eee 

8 30 26 8 45 

9 135 12 16 ée eee 
10 135 16 21 10 215 
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13 85 3 2% 13 240 
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Chart 4 (Monkey 851).—Urinary paranitrophenol and serum cholinesterase following skin 
application of 20 mg. of parathion. 


from 250 @M initial activity to 195 »M. The lowest activity was observed on the 
eighth day. Here again, the lowering of cholinesterase activity occurred later than 
the excretion of paranitrophenol. 


E. COMMENT AND RECOMMENDATIONS 


Cholinesterase activity before exposure to parathion was different for each of 
four cynomolgus monkeys; the spread between the “normal” values observed was 
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considerable. Comparative tests on two monkeys convinced us that measurement 
of serum cholinesterase is as effective in measuring response to parathion as measure- 
ment of the enzyme content of whole blood. 

Within limits imposed by individual variation among the animals used and by 
the size of dose administered, paranitrophenol excretion and reduction of cho- 
linesterase activity following exposure to parathion were found to be reasonably well 
correlated but with one important exception, the lack of cholinesterase response 
during the first 24 hours after exposure. The response was of comparable char- 
acter whether parathion was injected subcutaneously or applied to the shaved skin. 
Full restoration of cholinesterase activity after administration of a single dose was 
observed to occur either shortly before or coincident with cessation of paranitro- 
phenol excretion. 

The experiments reported herein indicate that urinary excretion of paranitro- 
phenol—a readily detected, specific metabolite—occurs in well-defined amounts 
during the first 24 hours after exposure to parathion when the physiological effect 
of such exposure measured by reduced blood and serum cholinesterase activity is 
still nonexistent or too slight to be relied upon, Furthermore, it appears to be an 
effective determinant of prior exposure to amounts which are not sufficient to reduce 
cholinesterase activity below the lower limit of the range of activity generally 
accepted as normal. These facts, coupled with the variations encountered in “normal” 
cholinesterase activity and the likelihood that activity prior to exposure will not be 
known in many cases, lend strong support to the view that determinations of para- 
nitrophenol excretion can be used effectively to monitor control programs to prevent 
poisonings resulting from occupational absorption of parathion. 

The use of the cholinesterase activity test in parathion control programs is limited 
by other considerations: (1) There is no absolute standard for “normal” cho- 
linesterase activity which varies widely from person to person, and (2) the draw- 
ing of blood, particularly repeated samples, for its determination is a procedure in 
which the average worker will not always cooperate willingly. Furthermore, cho- 
linesterase activity may be influenced by uncontrollable factors. 

Although we have not had an opportunity to correlate paranitrophenol tests and 
cholinesterase determinations on presumably exposed humans in any organized 
study, our experience in making those tests on pilots and mixers engaged in para- 
thion spraying operations has been sufficient to convince us that human responses 
to parathion do parallel the findings reported for monkeys. We have made about 
75 paranitrophenol and about 25 cholinesterase determinations on such workers. 
The values obtained on pilots for paranitrophenol excretion ranged from 0 to 40 mg. 
per 100 ml. of urine ; cholinesterase activity below 130 »M per hour was not observed 
in this group. In mixers, paranitrophenol excretion ranging from 11 to 80 mg. per 
100 ml. of urine was observed, and cholinesterase activity as low as 75 »M per hour 
was observed. No symptoms of illness were reported on these subjects. 

Based upon our previous experience ? and the studies reported herein, we advance 
the following recommendations for the laboratory tests to be used in conjunction 
with clinical observations, environmental studies, and engineering measures in pro- 
grams designed to control occupational exposures to parathion: 


1. Whenever feasible, initial serum cholinesterase activity of each employee 
likely to be exposed should be determined prior to any exposure. 
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2. A paranitrophenol determination * should be made ci vie first morning void- 
ing of urine following any possibile exposure. When the potentiality of exposure 
extends over any considerable time interval, frequent (daily when feasible) tests of 
this nature should be made. 


3. Whenever excretion of paranitrophenol suggests absorption of appreciable 
amounts of parathion, serum cholinesterase activity should be determined every 24 
or 48 hours to determine its trend. 

Application of the foregoing recommendations should yield information of value 
in determining quickly the efficacy of measures to protect workers and provide for 
early recognition and prompt treatment of toxic exposures. 


F, SUMMARY 


Experimental studies on cynomolgus monkeys exposed to parathion are reported. 
Urinary excretion of paranitrophenol, a specific metabolite, is the earliest sign of 
absorption; reduced cholinesterase activity occurs after a lag period. These two 
findings are closely correlated quantitatively after the first 24 hours following 
exposure. Based upon these studies and other considerations, recommendations 
for laboratory tests to be included in programs to control parathion exposures are 
presented. 
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N RECENT years several types of organophosphorus compounds have been 

shown to possess powerful anticholinesterase properties and to be among the 
most potent of specific enzyme inhibitors. Among the better known compounds are 
diisopropyl fluorophosphate (DFP), octamethyl pyrophosphoramide (OMPA), 
hexaethyl tetraphosphate (HET), tetraethyl pyrophosphate (TEPP), and 
p-nitrophenyl diethyl thionophosphate (parathion). DFP, OMPA, TEPP, and 
parathion have been found valuable in insect control, and parathion especially enjoys 
widespread use as an agricultural insecticide. It has been extensively studied from 
a pharmacologic and toxicologic standpoint by numerous investigators, including 
DuBois and his associates,’ Grob,? Hazleton and Holland,* and Deichmann, Pugliese, 
and Cassidy.‘ It has been found to be very toxic to warm-blooded animals, and 
deaths have occurred among workers engaged in the manufacture and preparation 
of the compound and in its application (Abrams and Leonard *). 

The purpose of this investigation was to evaluate in some detail the pharmaco- 
logic and toxicologic aspects of two new organophosphorus compounds, diethyl-2- 
chlorovinyl phosphate and dimethyl-1-carbomethoxy-1-propen-2-yl phosphate. These 
two agents have been selected from a large number of chemically related compounds 
as possessing the properties desirable in insecticides. Corey and his co-workers ° 
have reported that they have extremely high systemic and moderate to high con- 
tactual activity when tested against the pea aphid, two-spotted mite, and adult 
housefly. Their potential use as economic poisons has made it desirable to study 
their mode of action, symptomatology, and acute and subacute toxicity and to search 
for possible specific antidotal procedures. 


In this paper we are reporting results of the following studies: acute mammalian 
toxicity, by intragastric, cutaneous, intraperitoneal, and respiratory administration ; 


subacute mammalian toxicity, by ad libitum feeding and repeated intraperitoneal 


The Shell Development Company partially supported this study. 


From the Department of Pharmacology and Experimental Therapeutics, University of 
California School of Medicine. 
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injections, and the protective action of several candidate antidotes. Comparison with 
parathion was made wherever possible. Some of the toxicity data for parathion 
accumulated by previous investigators are as follows: 


Intragastric L.D.so, Mg./Kg. 


Hazleton DuBois and Frawley and Deichmann and 
Species and Holland Associates Associates Associates 
Male and female mice 25.0 + 1.8 
Male rats J 30.0 + 3.6 


3.0 = 0.25 


DuBois and 
Associates 


Cutaneous L.D.so, Mg./Ke. 


Deichmann and 
Associates Lehman 


Rabbits 150-420 40-50 
E-mulsive preparations of the two vinyl-substituted phosphates were provided for 
test by the Shell Development Company along with the phosphates (technical 
grade). The emulsions were composed of 25% by weight of the phosphate, 10% 
of equal parts of Triton B-1956 and Triton X-155, and xylene q.s. For the sake of 
brevity, diethyl-2-chlorovinyl phosphate and dimethyl-1-carbomethoxy-1-propen-2-yl 
phosphate will be referred to as I and II, respectively. 


METHOD 
Acute Toxicity Stupies 

Intragastric Administration—After an initial range-find experiment, suitable 
amounts of the two compounds and their emulsive preparations were administered 
to groups of six male or female mice (15 to 25 gm.) of the Webster strain. Satis- 
factory dilutions were made with propylene glycol, and the fiuids were given intra- 
gastrically with a ball-point needle and syringe. In the same way, the compounds 
were administered to groups of six male or female rats (100 to 150 gm.) of the 
Long-Evans strain. One of the compounds, I, was also given intragastrically to 
groups of four male albino rabbits (2.1 to 3.3 kg.) by means of a catheter. 

All animals were observed for a period of five days following the administration 
for pharmacologic effects and evidence of toxicity. Those which died were subjected 
to necropsy. L.D.59 values and their confidence limits were calculated for the mice 
and rats according to the method of Litchfield and Wilcoxon.’ Because of the smaller 
number of animals per group in the rabbit study, their L.D.59 values were calcu- 
lated according to the method of Thompson.* 

Intraperitoneal Injections.—Groups of six female rats of the Long-Evans strain 
(100 to 155 gm.) were given single intraperitoneal injections of I and II in pro- 
pylene glycol with a 25-gauge needle and syringe. After the injection, the rats were 
observed for a five-day period for pharmacologic effects and evidence of toxicity. 
Necropsy was performed on those that died, and the L.D.59 values and their con- 
fidence limits were calculated as in the previous experiment. 

Percutaneous Administration—Groups of four male albino rabbits (2.0 to 3.5 
kg.) were shaved 24 hours previous to the application. The concentration of the 
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test material was adjusted so that the amount applied was between 0.75 and 1.0 ml. 
The two compounds were diluted with propylene glycol, and their emulsive prepa- 
rations with distilled water. The animals were immobilized in a multiple rabbit 
holder (Laug*) for treatment and were released when the solution had been com- 
pletely absorbed or when signs of severe distress developed. The L.D.59 values and 
their confidence limits were calculated by the method of Thompson.* 


Graded Vapor Exposure.—Groups of six female rats (110 to 155 gm.) of the 
Long-Evans strain were exposed for one hour to various vapor concentrations of 
the two phosphates and parathion. The vapor was produced with a modified version 
of the motor-driven syringe assembly described by Carpentcr, S:ayth, and Pozzani.!° 
The fluid was delivered by a 10 ml. syringe into an evaporator, through which 
metered air passed at a uniform rate, by means of a constant-speed motor. The 
amount of heat necessary to effect vaporization was carefully regulated with a 
rheostat. The glass exposure chamber used in this experiment was 19.5 liters in 
capacity, and the ambient temperature was maintained at 25 + 1 C. No analytical 
check was made of the concentration of vapor within the chamber. 

The animals exposed were observed both during exposure and for a subsequent 


five-day period. The L.D.s59 values and their confidence limits were calculated by 
the method of Litchfield and Wilcoxon.’ 


Saturated Vapor Exposure—Groups of six male or female mice (20 to 35 gm.) 
were exposed in the chamber to a continuous flow of air (5 liters per minute) which 
was substantially saturated with I, II, or parathion at 25 + 1 C. Groups of six 
male or female rats (200 to 335 gm.) were similarly exposed. No more than six 
rats and six mice were exposed at any one time. The saturation of the air was 
achieved by bubbling the air through the compound with a fritted glass bubbler 
apparatus. 

The maximum time of exposure to the saturated vapor was four hours. In cases 
in which deaths occurred during this period, other groups of six animals were 
exposed for decreasing periods of time until all rats survived. 

Mist Exposure.—Mist was generated by passing compressed air through a 
small glass nebulizer at the rate of 2.25 liters per minute. The approximate concen- 
trations of the mist generated in air during the exposures were 0.47 mg. per liter 


for I, 0.24 mg. per liter for II, and 0.51 mg. per liter for parathion, by calculation 
of weight loss. 


The mist exposures were conducted somewhat differently from the previous 
acute inhalation studies in that a group of six male rats (220 to 420 gm.) was 
initially exposed to a dynamic atmosphere containing the mist, and at three arbi- 
trarily chosen stages of the syndrome of excessive parasympathetic stimulation two 
animals at a time were removed. The appearance of the following signs constituted 
the criteria for subdivision of the cholinergic response: 


First stage: Miosis, increased chewing and swallowing, twitching of the ears, 
fibrillation of the musculature of the jowls. 


Second stage: Chattering of the teeth, persistent shaking of the head, lacrima- 
tion, salivation, generalized muscular twitching and fibrillation. 


Third stage: Respiratory distress, ‘epileptoid tremors, clonic or tonic convul- 
sions or both, respiratory failure. 
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The main purpose of this arrangement of periodic removal of animals, in which 
the degree of severity of signs was the criterion, was to ascertain how severe the 
symptoms must become before death would be the eventual outcome of the exposure. 


Cumutative Toxicity Stupirs 

Sixty-Day Feeding.—A feeding experiment was undertaken to determine the 
possible cumulative toxic effects of I and I]. Female rats (104 to 165 gm.) of the 
Long-lvans strain were randomly divided into groups of six and were allowed to 
feed ad libitum for 60 days on a special diet containing the organic phosphates 
intimately mixed in graded concentrations. A group of 10 rats served as control. 

The rats were examined daily for signs of toxicity and were weighed weekly to 
determine the inhibitory effect on weight gain. At the termination of the feeding 
period the rats were weighed, lightly anesthetized, and decapitated. The blood was 
collected, the brain removed, and the amount of cholinesterase activity determined 
(results reported elsewhere). The individual organ/body weight ratios were deter- 
mined and compared statistically by analysis of variance with those of the control 
group. The differences in the per cent weight gain at the end of the experimental 
period were also statistically analyzed by the same method. Sections were obtained 
from the brain, liver, lungs, heart, kidneys, spleen, pancreas, adrenals, ovaries, and 
gastroenteric tract for histologic study. 

Repeated Intraperitoneal Injection—The cumulative effects of sublethal doses 
of I, II, and parathion were determined by daily (except week ends) intraperitoneal 
injection of the three compounds using female rats (100 to 156 gm.) of the Long- 
Evans strain. Groups of 10 rats received 10, 25, and 50% of the calculated intra- 
peritoneal L..D.59. A control group of 10 rats received the solvent used, propylene 
glycol, in an amount equal to 0.2% of the body weight. 

Five rats from each experimental group (or all survivors if there were fewer 
than five) were killed 24 hours after the 17th injection, and the remainder after 
the 22d injection. They were lightly anesthetized, decapitated, and examined. Sec- 
tions of the liver and kidneys were routinely taken for histologic examination. 


Prorection STupies 

In a search for possible antidotes for the three organic phosphates under con- 
sideration, several agents were administered intraperitoneally to male mice (15 to 
25 gm.) of the Webster strain which had been starved for 16 hours. 

One-half hour later, the phosphates were given intragastrically in doses equaling 
the L.D.99 and two and three times that amount. The animals were observed until 
the outcome was certain. The agents tested were atropine, vinyl phosphate, caram- 
iphen hydrochloride (Parpanit), and magnesium sulfate. 


RESULTS 
Acute Toxicity Stuptrs 

Intragastric Administration.—The train of signs which followed the intragastric 
administration of I, II, and their emulsive preparations was, qualitatively and 
chronologically, essentially the same in mice, rats, and rabbits: increased swallow- 
ing and munching, denoting increased salivary flow; hyperpnea; twitching of the 
ears; miosis; twitching and fibrillation of the musculature of the jowls and neck, 
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chattering of the teeth, fine fibrillations of the back muscles, coarse generalized body 
tremors, opisthotonos; lacrimation, salivation; urination, defecation; depression, 
prostration ; epileptoid tremors, and tonic, clonic, or asphyxial convulsions. Respi- 
ratory failure preceded cardiac failure, and the heart continued to beat for as long 
as 15 minutes after respiration ceased. Postmortem twitching of muscles, both of 
the trunk and of the extremities, continued for as long as 10 minutes. Mice appeared 
the most sensitive to the adverse effects on the nervous system, since lashing of the 
tail, opisthotonos, ataxia, and excitement were more commonly seen in this species. 
Chromodacryorrhea was observed only among the rats. This shedding of reddish- 
brown tears was usually associated with prolonged attacks of coarse body tremors 
and epileptoid or tonic-clonic convulsive seizures. The profuse lacrimation which 
usually accompanied the later stages of the toxic syndrome in mice and rats was 
absent in rabbits. 


The signs of excessive parasympathomimetic stimulation which followed admin- 
istration of II and its emulsion subsided with greater rapidity than those caused 
by I and its emulsion. Moderate symptoms were observed in 5 to 10 minutes after 


administration of II, and the peak response was attained in 15 to 30 minutes, lasting 
about 10 minutes. Most deaths, which were invariably preceded by sudden dramatic 
asphyxial seizures, occurred within 45 minutes. Animals which survived for more 
than one hour after the intragastric administration could be expected to survive ; 
there was no apparent latent toxicity. 

The symptoms following administration of I and its emulsive preparation began 
at about the same time as those produced by II but lasted 20 to 40 minutes. Coarse, 
generalized body tremors with occasional convulsive spasms persisted over periods 
as long as two to four hours in animals given the higher doses. Slight peripheral 
twitching and volitional shaking of the head were still apparent 24 hours after 
administration. The time of death varied considerably, although most deaths occurred 
in from 20 to 180 minutes. 


The rats showed no sex difference in susceptibility, whereas the male mice 
appeared to be more resistant than the female. Statistical analysis by the method of 
Litchfield and Wilcoxon (for which the level of significance is set at p = < 0.05) 
revealed that significant sex differences were present among mice treated with 
I, II, and the emulsive preparation of II. Mortality data are presented in Tables 
1 and 2. 

Gross postmortem examination of the animals treated with lethal intragastric 
doses of the phosphates showed only hyperemia of the lungs, slight inflammation 
and moderate hypertonicity of the gastroenteric tract, and hypertonicity of the 
urinary bladder. Occasionally the liver was congested but not consistently or in 
relation to any particular compound. The smali and large intestines of animals 
which died after several hours usually contained only bile-stained fluid thickened 
with mucus. There were no significant histopathologic changes. 

Intraperitoneal Injection ——The symptoms in female rats given I and II intra- 
peritoneally were much more rapid in onset and severe in character than those 
seen after intragastric administration. The symptoms produced by I became severe 
in 10 to 20 minutes, and deaths usually occurred within 40 to 60 minutes. After 
intraperitoneal injection of II there were signs of distress within 1 minute, and 
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Taste 1.—Mortality Following Single Intragastric Administration of Technical Diethyl-2-Chlorovinyl 
Phosphate and Its Twenty-Five per Cent Emulsive Concentrate, in Propylene Glycol * 


Emulsion 
Phosphate I 
Mor- 
Onset 
Sex Mg./Ke. W/V,% Ratio After Dose 
0/16 
0/6 10 to 30 min. 
2/6 30 to 90 min. . i f 20 to 60 min. 
5/6 20 to 80 min. / 20 to 9) min. 
20 to 90 min. 


After Dose 


60 to 75 min. 
45 to 120 min. 5. , / 10 to 20 min. 


80 to 90 min. , 25 to 90 min. 
20 to 80 min. 30 to 90 min. 


15 min. } K 90 min. 

20 to 60 min. 45 to 180 min. 
50 min. to 48 br. /6 90 to 180 min. 
20 to 60 min. 


41 
120 min, (37- 
35 min. to 20 hr. ; J 9 min. to4days 46) 
35 to 45 min. Lf § 90 to 180 min. 
1.5 to 20 hr. 90 to 300 min. 


Rabbit M 2.0 , 0.5 to 18 br. 
4 35 to 45 min. 


* Maximum amount of propylene glycol used did not cause death ef either rats or mice when given alone in similar 
drcumatances 


4 Confidence limits of the L.D.so values are + 1.96 8.D. 
1 Mml. = microliter. 


$ Significant difference in toxicity due to sex (p = < 0.05) as analyzed by method of Litchfleld and Wilcoxon.” 


Taste 2.—Mortality Following Single Intragastric Administration of Technical Dimethyl-1-Carbomethoxry-1- 
Propen-2-Yl Phosphate and Its Twenty-Five per Cent Emulsive Concentrate, Diluted 
with Propylene Glycol * 


Emulsion 
Phosphate II 
Dose Mor- 7 Mor- 

tality Onset L.D.s0,t Mml.3/ V/V, tality Onset 
Mg./Ke. W/V,% Ratio After Dose Mg./Ke. Kg. % Ratio After Dose 
5.0 0/6 17.0 1/6 120 min. 

6.3 0.1 1/6 30 min. 78 19.0 0.2 b 20 to 40 min. 
76 2/6 30 min, (6.8- 20 / 30 to 45 min. 
88 5/6 20 to 120 min. 8.9) / 20 to 40 min. 


15 to 40 min. 


36 hr. 
10 to 20 hr. 10 min. 
30 to 35 min. ‘ 10 to 45 min. 


15 to 20 min. 5 to 20 min. 


15 to 20 min. 15 to 45 min. 


15 to 30 min. J 2 / 20 to 40 min. 


15 to 30 min. 2 5/ 10 min. to 48 hr. 
8 to 6 min. 


10 to 60 min. 6.0 / 10 to 15 min. 
10 to 20 min. (5.2- J 2/ 10 to 30 min. 
10 to 20 min. 7.0) 22 § 15 to 30 min. 
10 to 60 min. 10 to 30 min. 


* Maximum amount of propylene glycol used did not cause death of either rats or mice when given alone in similar 
eireurastances. 


¢t Confidence limits of the L.D.so values are + 1.96 8.D. 
Mml. = microliter. 


§Significant difference in toxicity due to sex (p = < 0.05) as analyzed by method of Litchfield and Wilcoxon.’ 


Bpecies 
Mouse 100 0/6 123 
F 15 1.0 2/6 135) 
23 5/6 
7 0/6 10.0 33 0/6 40 
1/6 (37- 
M 10 - 1.0 5/12 43) 
5/6 
12 6/6 
Rat 
0/6 
F 10 1.0 1/6 
1 5/6 
12 6/6 
3.37 
(2.29- 
4.45) 
« 
L.D.s0,t 
Mml./ 
Bpecies Sex Kg. 
: 19.5 
M (17.7- 
21.5) 
Mouse 22 6/6 Po 
1.5 1/6 
F 3.0 ol 2/6 14.5% 7 
5.0 3/6 (18.0 
8.0 5/6 16.2) 
3.0 0/6 16 0/6 
4.0 2/6 20.0 4 
M 6.0 0.5 2/6 a (16.8 
10.0 5/6 
Rat 
5.0" 0/6 16 0/6 
5.7 3/6 21.0 
F 6.2 0.5 3/6 (18.9 
7.6 4/6 23.8) 
8.8 6/6 
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death usually supervened in less than 10 minutes. The syndrome of poisoning was 
qualitatively similar to that observed in animals treated intragastrically. Mortality 
data are presented in Table 3. 

Percutaneous Administration—The two compounds produced essentially the 
same pharmacotoxicologic signs in rabbits: isolated muscular twitchings at the 
site of application and slight dyspnea within 45 to 60 minutes, generalized muscular 


TaB_e 3.—Mortality Following Single Intraperitoneal Injection of Female Rats with Diethyl-2- 
Chlorovinyl Phosphate (1) and Dimethyl-1-Carbomethoxy-1-Propen-2-Yl 
Phosphate (11) in Propylene Glycol 


~ ~ Mortality 
Compound Mg./Kg. W/V,% Ratio Onset After Dose 
0/6 
0.5 1/6 40 min. 
4/6 40 to 60 min. 


2/6 2 to 10 min. 
2/6 5 to 15 min. 
5/6 5 to 15 min. 
6/6 2 to 15 min. 


Taste 4.—Mortality Following Percutaneous Absorption by Male Rabbits of Diethyl-2- 
Chlorovinyl Phosphate (1) and Dimethyl-1-Carbomethoxy-1-Propen-2-Yl Phosphate 


Mortality 
Compound A q Ratio Onset After Dose 


0/4 

2/4 4 to 18hr. 
3/4 4to 18 hr. 
4/4 8 to 18 hr. 


4 4 to 18 br. 
2/4 2tobhr. 
4/4 4 to 20 br. 
Emulsion Mimil./Ke. 
6O 


120 1.5 hr. to days 
240 2to3hbr. 


15 4 to 20 br. 
il 30 / 5 to 105 min. 
60 / 3 to 30 min. 


* Mmi. = microliter. 

fibrillation and tremors, salivation, miosis, ataxia, and prostration within one and 
one-half to three hours. Death usually occurred within 4 to 18 hours. Data are 
presented in Table 4. 

The 25% emulsion of I was more rapidly effective than the parent compound, 
and five of the six deaths occurred within one and one-half to three hours. The 
effects were similar to those produced by I and II. The effect of the emulsion of II 
was even more dramatic. Within 10 minutes after application of the diluted emul- 
sion, the symptoms progressed from localized twitching, fibrillation, and miosis to 
marked salivation, generalized tremors, ataxia, prostration, and convulsive seizures. 
The interval between application and death appeared to be partially dependent on 
the concentration of the emulsion, since deaths occurred in 3 to 10 minutes at a 
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Dose 
L.D.s0, 
Mg./Kg. 
9.0 
(i4- 
11.8) 
1.0 1.51 
il 01 
1.3 1.71) 
14 
(11) and Their Twenty-Five per Cent Emulsions, Diluted with Propylene Glycol 
Dose 
Mg./Kg. 
176 
(8.0- 
27.2) 
33.8 
(12.6- 
55.0) 
Mml./Kg.* 
126 
168) 
21.2 
(7.0- 
35.4) 
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dose level of 30 mml. per kilogram when a 20% aqueous dilution was used and 
at 45 to 105 minutes at the same dose level with a 10% dilution. The 25% emulsion 
of II appeared to be more toxic than the parent compound, since the L..D.59 values 
were 21.2 mml. per kilogram and 33.8 mg. per kilogram, respectively, without 
correction for concentration. 

From the standpoint of industrial hazard, it is noteworthy that no local inflam- 
matory response was apparent at the area of contact. 


Graded Vapor E-xposure.—Female rats exposed for a one-hour period to various 
vapor concentrations of I and II showed symptoms qualitatively similar to those 
that followed intragastric administration. The observation made in the foregoing 
experiments that toxicologic action was more brief and the onset of mortality more 
rapid with I] than with I was substantiated. Parathion was intermediate between 


Taste 5.—Mortality Following Single One-Hour Exposure of Female Rats to Graded Vapor 
Concentrations of Dimethyl-1-Carbomethoxy-1-Propen-2-Yl Phosphate (11) and 
Diethyl-2-Chlorovinyl Phosphate (1) and Parathion 


Vapor Concentration Mortality 


Compound -, Mg./L. Ppm Ratio Onset* 
0.114 13 0/6 
0.169 2/6 9 to 120 
0,238 4/6 62 to 90 22.4 
0.317 6/6 62 to 180 (17.6-28.4) 
0476 45 to 65 
0.058 / 
0.087 2 60 to 60 
0.130 f 3/ 5O to 60 M4 
0.173 3/ 40 to 65 (9.5-21.9) 
0.346 35 to 45 
0.132 
0.198 2 to 70 

Parathion 0.238 $ 55 to 70 18.0 
0.330 5 35 to 60 (14.3-22.6) 
0.396 / 35 to 60 


L.C.s0,* 
Ppm 


* Time of death in minutes, measured from beginning of exposure period. 
+ L.C.se = concentration causing death of 50% of animals. Where p = < 0.05, no differences of significance 
were found (Litchfield and Wileoxon 7). 


the other two phosphates in activity. The pharmacologic and toxicologic effects of 
the parathion vapor closely resembled those seen with II, but a somewhat longer 
time was required for complete recovery from the fibrillation and miosis. Statisti- 
cally, there was no significant difference in L.C.s59 among the three compounds, 
compared according to the method of Litchfield and Wilcoxon.’ Results are shown 
in Table 5. 

Saturated Vapor Exposure.—Surprisingly, although signs of toxicity appeared 
less rapidly with exposure to | than to Il, | was more lethal. Moreover, sex differ- 
ences in susceptibility to | were more apparent after the saturated vapor exposure 
than after the intragastric administration. Mortality ratios for male and female mice 
after the four-hour exposure were 0/6 and 3/6, respectively; likewise, 1/6 male 
and 4/6 female rats died after a two-hour exposure. Results are shown in Table 6. 

The general course of the syndrome was similar with all three compounds, but 
no deaths resulted from exposure to II and to parathion. After exposure to II, 
generalized body tremors developed in both species in one or two hours, with a 
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more rapid onset in the rats. Continued exposure, up to the four-hour limit, did 
not result in any exacerbation of symptoms, and the toxic effects seemed to have 
disappeared within an hour after the animals were removed from the chamber. 
The degree of poisoning consequent to the parathion vapor exposure was also 
slight. The rats developed a fibrillation of the musculature around the jowls, fine 


TABLE 6.—Mortality Following Exposure of Mice and Rats to Saturated Vapors of Diethyl-2- 
Chlorovinyl Phosphate (1), Dimethyl-1-Carbomethoxy-1-Propen-2-Yl Phosphate 
(11), and Parathion for One, Two, and Four Hours 


4 


One Hour Two Hours Four Hours 
A A = 


Mor- Mor Mor 


tality Time of tality Time of tality 
Compound Species Sex Ratio Death Ratio Ratio 


Mouse 0 


0/6 8 to 4 hr. 


Rat 1/6 66+ 4 to 100 hr. 


4/6 6 6% 4.5 to 22 br. 


0/6t 
0/6* 
0/63 
0/6 
0/6 
Parathion 
0/6t 


Sz VME VE 


Definite signs of anticholinesterase activity were observed within: 
* 2 to 3 hours. 
+ 1 to 2 hours. 
3 30 to 60 minutes. 

Times are measured from beginning of the exposure period. 


Tas_e 7.—Toxic Syndrome and Mortality Following Exposure of Male Rats to Vapors of 
Diethyl-2-Chlorovinyl Phosphate (1), Dimethyl-1-Carbomethoxy-1-Propen-2-Yl 
Phosphate (11), and Parathion 


Stage I* Stage II Stage III 
tration, Onset, Mortality Onset, Mortality Onset, Mortality 
Compound Mg./L. Min. Ratio Min. Ratio Min. Ratio 
I OAT 10 to 30 / 30 to 70 0/2 70 to 120 0/2 
II 0.24 10 to 15 /2 15 to #0 0/2 40 to 00 1/2+ 
Parathion 051 10 to 15 i’ 15 to 40 0/2 40 to 70 2/23 


* Three stages of the syndrome are manifested by: 
Stage I: Miosis, increased chewing action and swallowing, twitehing of ears, fibrillation of the mus- 
culature of the jowls and neck. 
Chattering of teeth, persistent shaking of head, lacrimation, visible salivation, generalized 
muscular twitching, fibrillation, and tremors 


Stage III: Epileptoid tremors, severe respiratory distress, clonie or tonie convulsions or both. 
+ Death oceurred at 53 minutes. 


{ Deaths occurred at 60 and 70 minutes. 


Stage II: 


generalized tremors, and slight salivation and lacrimation after one-half to two 
hours of exposure. One exceptional rat developed epileptoid tremors within an hour, 
causing it to jerk backward on its haunches, spasmodically gasping for air. Male 
and female mice showed only a slight twitching of the nose, dyspnea, and depression. 


ae seemingly greater acute toxicity of the vapor of | may be attributed to its 
greate? vapor pressure. 
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Necropsy of the animals that died revealed severer pulmonary inflammation, 
with varying degrees of hemorrhage, than was produced in previous experiments. 
Several of the male rats exposed to I for four hours did not die for two or three 
days; in this case, postmortem examination revealed severe hemorrhage of the 
lungs and pulmonary edema, with copious pleural effusion. Microscopic examina- 
tion confirmed the presence of moderate pulmonary involvement. 

Mist Exposure.—The acute mist exposure showed further evidence of the dif- 
ference between I and II, and the similarity between II and parathion. The time 
required for development of the toxic symptoms in the male rats was approximately 
the same for the latter compounds, 10 to 15 minutes, whereas for I the time was 
10 to 30 minutes. The second stage of the syndrome developed in 15 to 40 minutes 
with IT, 40 to 70 minutes with parathion, and 70 to 100 minutes with I. The intensity 
of symptoms was least with I, even when animals were exposed for as long as 120 
minutes, and there were no deaths. One of the two rats exposed to II died after 53 


Tasie 8.—Mortality Following Sixty-Day Feeding of Diethyl-2-Chlorovinyl Phosphate (I) 


Time ef Death (Wk. of Experiment) 
Dose, 


Compound Ppm 2 8 4 5 6 7 s 
6.3 
i 12.5 
100 


6.3 


& 
100 


Control 0 


minutes, and both of those exposed to parathion died, in 60 and 70 minutes. Results 
are shown in Table 7. 


Cumutative Toxicity 


Sixty-Day Feeding.—Throughout the experimental period, the rats on all diets 
appeared to be eating satisfactorily ; no differences in the amount eaten were appar- 
ent between the experimental and the control groups. The mortality record is 
shown in Table 8. 


During the first week of the experiment, all animals remained normal in appear- 


ance and activity, except three rats fed 100 ppm of I, which died between the 
second and the fourth days. 


During the second week rats on 100 ppm of II developed slight tremors and 
twitched their ears overfrequently. They were hyperactive and began to lose weight. 
A fourth death occurred among rats receiving 100 ppm of I; the remaining two 
animals survived the feeding period. 


During the third week, signs of toxicity increased among rats receiving II, and 
volitione] tremors developed; slight tremors were observed among rats on the 
smaller amounts. All six of the rats receiving 100 ppm of II died between the 17th 
and 22d days. Rats receiving 50 and 100 ppm of I began to exhibit persistent 
twitching or tremor and slight muscular weakness. 
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and Dimethyl-1-Carbomethoxy-1-Propen-2-Yl Phosphate (II) to Female Rats 
9 Ratio 

ee 0/6 

0/6 

ee 0/6 

ee 4/6 

ee os oe oe ee oo eo ee 0/6 

12.5 oe os ee ee os és ee ee 0/6 

ee es ee ee oe oe 0/6 
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Not until the fifth week were toxic effects visible in the groups receiving less 
than 50 ppm of I. Slight head shaking and hypersensitivity were noted, During the 
fifth and sixth weeks the rats receiving 6.3 and 12.5 ppm of II ceased to shiver and 
showed only a slight questionable frequency of ear twitching. 

One control rat died during the seventh week of the experiment. Considerable 
pulmonary effusion was seen at necropsy, and yellowish-white mucoid material 
completely encased the heart and lungs. The appearance was that of broncho- 
pneumonia. 

Increased tone of the gastroenteric tract and urinary bladder was the only find- 
ing in the experimental animals which died. The most consistent abnormality found 
on necropsy of the surviving experimental animals was increased gastroenteric 
tone. Occasionally, a slightly discolored liver and an irregular-surfaced kidney 
were found in rats that had been fed either phosphate. Histopathologic changes 
were without significance. 

The only significant difference in the organ/body weight ratios, when statisti- 
cally analyzed, was in the kidneys of the two surviving rats fed 100 ppm of L. 


TaABLe 9.—Significant Differences in Weight Gain Among Different Groups of Rats 
in Sixty-Day leeding [-xperiment 


Ppm in Diet Compounds Compared* 


12.5 Il vs. Control 
Il vs. 1 


50 Control vs. Il 
I vs. Il 


100 Control vs. I 


* Rats receiving compound listed first had the greater weight gain, signifieant when 6 — < 0.05 


These were heavier than the kidneys of the control animals (p= < 0.05). Data 
are presented in Table 9. 

There were three significant differences in the weight gain of the experimental 
animals when compared with that of the control group. The weight was significantly 
less in animals fed 100 ppm of I and in those receiving 50 ppm (the highest level 
survived) of II. Unexpectedly, the rats fed 12.5 ppm of Il showed a significant 
increase in weight over the control value. 

Repeated Intraperitoneal Injection—Cumulative toxic effects were apparent 
in the signs observed and the mortality occurring in the animals given repeated 
injections of various fractions of the L.D.59 of I, I], and parathion. Parathion here 
showed a closer resemblance to I than to II. Mortality data are presented in Table 10. 

After the initial injection, animals given 10% of the L.D.s9 of I and parathion 
showed somewhat more frequent twitching of the ears; those given 25% of the 
L.D.50 showed slight trembling of the head, increased salivation, and lacrimation ; 
those given 50% showed fibrillation of the jowls and fine generalized tremors. 
These signs usually developed within 20 minutes and disappeared within an hour; 
however, very slight persistent shaking of the head was still evident on the follow- 
ing day. Injection of II caused only a slight trembling of the head and only on 
receiving 50% of the L.D.59. This sign appeared in 5 to 15 minutes and disappeared 
within an hour. 
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One animal given one-half the L.D.56 of parathion died overnight after only 
one injection ; 7 more of the 10 died after two to four injections, and the ninth and 
last death occurred after the 13th injection. Seven of the 10 rats given one-half 
the L..D.59 of I and one given 25% died after two to five injections. The remaining 
experimental animals survived the series of 17 or 22 injections. There were no 
deaths in the groups receiving II. 

Toxic symptoms receded noticeably over the week-ends when no injections 
were given; this apparent recovery was most prominent with animals treated with 
Il, which is consistent with the lack of mortality in this group. During the latter 
half of the experimental period, the two rats surviving one-half the L..D.59 of 1 
and the one rat surviving one-half the L.D.59 of parathion developed severe toxic 
symptoms. Strong generalized tremors, profuse lacrimation and_ salivation, and 
clonic convulsive seizures appeared within 30 minutes of the injection and persisted 


Taste 10.—Mortality Following Repeated Intraperitoneal Injection of Female Rats with 
Diethyl-2-Chlorovinyl Phosphate (1), Dimethyl-1-Carbomethoxy-1-Propen-2-Y 
Phosphate (11), and Parathion * 


‘Time of Death (No. of Injections) 
Dose,t % - - - Mortality 
Compound of L.D.s0 2 3 4 5 6 10 13 22 Ratio 
1/10 
7/10 


0/10 
0/10 
0/10 


Parathion ae és se ia ee ee 0/10 

9/10 


* Five rats (or all survivors if there were fewer than five) were killed after the 17th injection, and the 
remainder after the 22d. 


1 Propylene glycol was used as the solvent. 
} Controls received injections of propylene glycol, 0.2% of the body weight. 


for approximately one-half hour. Residual toxic signs, such as isolated fibrillary 
tremors, hypersensitivity, and persistent head-shaking, were still present on the 
following day. Animals given one-half the L.D.59 of II, on the other hand, were 
not observed to develop any coarse generalized tremors or convulsive seizures ; 
minimal residual toxic effects were seen an hour after the injection, but none were 
visible on the following day. 

Necropsy of the animals which died during the experimental period gave results 
similar to those reported for the previous acute studies. There were no definite 
pathologic changes in the survivors attributable to the repeated injection, aside 
from increased constriction of the gastroenteric tract and urinary bladder. The 
liver and kidneys of one rat given 10% of the L.D.59 of I and of one given 25% 
of the L.D.50 of II were slightly mottled. One other rat given 25% of the L.D.56 
of IL showed changes resembling those of pneumonectasis in a portion of the lung. 
The lungs of one rat given 10% of the L.D.59 of parathion showed punctate brownish 
spots with clear centers, resembling foci of infection. Dark striations were observed 
on the lateral aspects of the temporal lobes of the brain in three rats—one given 
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50% of the L.D.5 of 1, one given 25% of the L.D.59 of 11, and one given 25% of 
the L.D.59 of parathion. Petechial lesions of the lungs and a swollen appearance 
of the brain were also seen in one rat given 10% of the L..D.59 of parathion. Histo- 
logic study revealed no significant changes. 


PROTECTION STUDIES 

Caramiphen ( Parpanit) reduced the mortality following the L..D.99 administra- 
tion of all three phosphates, at a dose of 30 mg. per kilogram. Atropine was effective 
against the L.D.y9 of I and 50% effective against the L..D.99 of 11, but was ineffec- 
tive against parathion. Magnesium sulfate was not effective alone in a dose of 400 
mg. per kilogram, but in a dose of 200 mg. per kilogram, combined with atropine, 
10 mg. per kilogram, it was effective against three times the L.D.gy of I (the 
highest amount given) and 60% effective against twice the L..D.99 of IL; there was 
no effect on parathion-poisoned animals, however. Vinyl phosphate was of no value. 
The results are presented in Table 11. 


Tasie 11.—Results of Protection Studies: Survivor Ratios 


Dose, Parathion 
Mg./ Soln., — 4 
Antidote Kg. % 5° 2 3 2 : 2 
02 8/10 1/10 0/10 0/10 


Vinyl phosphate 20 0/10 0/10 


Caramiphen f 0.6 ses 
9/10 0/10 eete 0/10 
Magnesium sulfate ... 10.0 2/10 eee 


Magnesium sulfate ... 2 4.0 ann 10/10 6/10 
plus atropine 0.2 eens 
Control ee 1/10 0/10 


* Dosage of phosphates expressed as multiples of the L.D.o». 


COMMENT 

Comparative Toxicology.—Detinite sex differences in the susceptibility of rats 
to parathion were reported by Frawley and his co-workers,'' Hazleton and Hol- 
land,* and DuBois and his co-workers '; DuBois reported no definite sex differences 
in mice treated with parathion. However, single intragastric administration of I, 
II, and their emulsive preparations to male and female rats under our experimental 
conditions revealed no indication of any significant difference in lethal potency with 
respect to sex of the rat. Intragastric administration to mice, on the other hand, 
gave evidence of significant sex differences with I, II, and the emulsion of II. The 
sex differences in mice could be due to the influence of hormones, since DuBois 
showed that the difference in rats decreased when estrogen and testosterone were 
given to male and female rats, respectively. (The studies made by him and his 
associates with the oxygen analogue of parathion, diethyl p-nitrophenyl phosphate, 
however, showed no sex differences in the susceptibility of rats.) Frawley and his 
co-workers also found that the hormonal factor played a part in the susceptibility 
of rats to organophosphorus compounds. They found that the greater sensitivity 
of the male rat to OMPA (octamethyl pyrophosphoramide) could be modified by 
castration prior to treatment. 
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Unfortunately, the subacute toxicity of parathion was not determined simul- 
taneously with that of I and II in this experiment. However, the work of Hazleton * 
and Lehman '* furnished data for comparison. According to the former author, 
female rats receiving parathion in their diet over a period of months were con- 
siderably more susceptible than males. While male rats oviginally showed peripheral 
tremors and irritability on receiving 100 ppm, they became asymptomatic after 
several weeks. Male rats receiving 50, 25, or 10 ppm of added parathion were 
reported not to show any signs. Female rats, however, while surviving levels of 
100 ppm for an unstated period of time, continually manifested signs of toxicity. 
Observations as to the behavior of females receiving 50 ppm and below were not 
recorded, Survival of Hazleton’s animals was reported as 100% at 10 ppm for 
a period of 64 weeks and as 62.5% at 50 ppm for the same period. Lehman reported 
that when animals were maintained for 104 weeks the lowest level of parathion to 
produce gross effects was 10 ppm. Mortality data are not given. The highest level 
producing no microscopic lesions was 100 ppm. 


While the feeding experiment with I and I] was not continued past 60 days, 
there is no evidence to indicate that either compound would be any more chronically 
toxic than parathion. Regression of symptoms was evident at the lower dose levels 
of II. The growth curves and the organ/body weight ratios at levels of 25 ppm of 
I and 50 ppm of II were not different from those of the controls. Short-term tests 
are more meaningful on compounds of this type than they are on compounds 
causing microscopic changes at lower levels than changes in growth and behavior. 
From the standpoint of chronic mammalian toxicity, these compounds compare 
favorably with parathion, but they are not more toxic than ethyl p-nitrophenyl 
thionobenzenephosphonate (EPN) or TEPP. 

Pharmacology.—The pharmacologic response of animals treated with I and II 
by various routes of entry indicates that these two compounds act in the same way 
as other types of organic phosphate, that is, they inhibit cholinesterase activity. 
However, the syndrome obviously is influenced by factors other than cholinesterase 
inhibition. The studies in vivo demonstrated that I has a more prolonged action 
than II, which is indicative of greater muscarinic action, while I] has a more rapid 
onset of action and greater toxicity, which may be due to more rapid or more 
complete absorption and transport to the site of action. Further studies on the 
correlation between the action and the physicochemical properties of these com- 
pounds might possibly show indications to account with certainty for the differences 
in rapidity of action. For example, it is well known that solubility or partition 
coefficient between extracellular fluid and lipophilic tissues is an important factor 
in the transport and availability of drugs to receptor centers ; thus, it is conceivable 
that the partition coefficient of II enables it to be transported in greater concentra- 
tion to active centers. Other important properties which would deserve consideration 
are adsorption, surface activity, degree of dissociation at the pH of body fluids, 
dissociation or hydrolysis constant, dimensional factors, and spatial configuration 
of the molecule (Wilson and Gisvold '*). 

Pathology —Denz"™ reported that in parathion poisoning, whether acute or 
prolonged, and also in poisoning by other agents with anticholinesterase activity 
most of the important organs of the body were free from well-defined pathologic 
lesions which could be held accountable for the death of the animal (Jones and 
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Landing '® and DuBois and associates'). On the other hand, Denz stated that 
recognizable changes in the exocrine glands occurred with parathion when symp- 
toms persisted for more than three or four hours. The cecurrence of anatomic lesions 
depended on the severity and duration of the symptoms. Structural changes, usually 
vacuolation, occurred particularly in the salivary and lacrimal glands and in the 
acinar portion of the pancreas. However, there was a difference in the ease with 
which lesions could be produced in different glands. Denz reported that changes 
were produced easily in the lacrimal and submaxillary glands and much less readily 
and consistently in the parotid gland and pancreas. Changes in the spleen and 
thymus were found only when symptoms had persisted for some days. The histologic 
changes observed, according to Denz, seemed to result from the persistent action 
of acetylcholine liberated at the cholinergic nerve endings. 

The interesting feature of chromodacryorrhea seen in the rats treated with I 
or If was explained by Denz as due to hyperactivity of the Harderian gland. This 
horseshoe-shaped gland lies behind the eyeball, in the rat, almost encircling the 
optic nerve. The red pigment in the tears is probably composed of protoporphyrin 
and coprotoporphyrin, according to Towbin,'® MeElroy,'’ and their co-workers. 

The absence of specific lesions following the administration of parathion, | and 
II, is rather striking when one considers the lesions that are produced by another 
cholinesterase inhibitor, triorthocresyl phosphate. When the latter compound is 
absorbed by fowl, rabbits, cats, or man, there is destruction of the nerve cells in 
the anterior and lateral horns of the spinal cord. According to a recent communica- 
tion from Dr. George Brownlee of Kings College, University of London, the 
experimental work of Barnes and Denz (in press) indicates that bis-(monoiso- 
propylamino )-fluorophosphine oxide ( Mipafox) and DFP also produce demyelina- 
tion of nerve axons in chickens. There is no evidence at present, however, to show 
that similar nerve lesions can occur in mammals from exposure to these or other 
organophosphorus compounds. Lehman '* has indicated that histopathologic changes 
in animals on long-term experiments are absent and that maximum tolerated levels 
for one month produced only the changes of inanition. His work, moreover, indi- 
cates that triethyl phosphate produces slight hyaline granular degeneration of renal 
convoluted tubule epithelium, slight hyperplasia of bone marrow, and slight increase 
in hepatic cell size. EPN at a dosage of 180 ppm in the diet of female rats caused 
a widening of the zona glomerulosa of the adrenal cortex, with foamier cells. Tetra- 
ethyl dithionopyrophosphate (ASP-47) and diethyl phosphate caused no specific 
histochemical changes on prolonged administration, 

The mammalian toxicity of these two organic phosphates necessitates the 
employment of more than ordinary safety precautions, as is true of other insecti- 
cides containing organophosphorus compounds. It should be reemphasized that 
the studies with experimental animals demonstrated ready absorption of the com- 
pounds through the intact skin as well as by ingestion or inhalation, with symptoms 
appearing very shortly after exposure. Though there is a dramatic rapidity in time 
of death, especially after instillation into the eyes of rabbits or following intraperi- 
toneal injection, it should be recalled that no deaths in man from industrial exposure 
to organophosphorus compounds have taken place in less than five hours. Therefore, 
except for extreme conditions of heavy contamination of the eyes with these mate- 
rials, there should be time for successful treatment and antidotal measures. Because 
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of the cumulative effect shown to result from continued exposure to these cholin- 
esterase-inhibiting compounds, it is desirable to monitor the levels of red blood cell 
and plasma cholinesterase in exposed personnel. A simple and accurate method for 
detecting decreased activity of these enzymes has been developed by Michel.’* A 
program for the routine determination of these values should be set up to protect 
the health of employees who are exposed coptinually to these compounds. 


Protection studies failed to indicate any satisfactory effect of atropine when 
given alone to parathion-poisoned animals. This observation is not in agreement 
with experimental results reported in blocking the action of other organic phos- 
phorus compounds, such as tetraethyl pyrophosphate, or with the favorable results 
with parathion reported by Hazleton.'” The inability of the magnesium ion to exert 
protective action was confirmed in the case of all three phosphates. The assumption 
that a nontoxic phosphate of simular molecular configuration, such as vinyl phos- 
phate, might prove to be an effective antidote was not substantiated. 

Caramiphen seemed to decrease the severity of symptoms in the case of both 
I and II to a marked extent, but survival rates were not as good as with the com- 
bination of magnesium sulfate and atropine. This finding does not agree with the 
observations of Tripod,*’ who demonstrated the marked superiority of caramiphen 
in the treatment of cholinesterase inhibition. The most efficacious procedure in 
protecting the experimental animals was administration of the combination of 
magnesium sulfate and atropine, Observations by several clinical investigators, 
however, have indicated that this combination is probably no more effective in 
man than atropine alone, so that either caramiphen or atropine may be the drug 
of choice. 

SUMMARY 


A study of the mode of pharmacologic action and the signs exhibited, acute and 
subacute toxicity, and specific antidotal procedures has indicated no significant dif- 
ference between the two vinyl-substituted phosphates and parathion. 
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TWO CHAMBERS FOR USE IN EXPOSING LABORATORY 
ANIMALS TO THE INHALATION OF AEROSOLS 


EDWARD C. J. URBAN, MS. 
SARANAC LAKE, N. Y. 


URING the past few years industrial needs and technological advancements 

have resulted in the development of new methods for the processing and utili- 
zation of substances which had been known health hazards. Most important also, a 
variety of new substances of unknown toxicities have been created, some of which are 
similar chemically to existing compounds but have different physical properties. A 
few examples of these are expanded perlite, calcined diatomaceous earth, beryllium, 
and the new “synthetic” silicas, such as silica fume formed fror¥the burning of ethyl 
orthosilicate, and the “hydrophobic” silicas made from silica gel. 

A program has been under way at The Saranac Laboratory for the past five years 
or more to study the effect of such materials when inhaled into the lungs. For this 
purpose, two types of animal exposure chambers were designed by the engineering 
staff and built for the most part at the laboratory. The first units to be constructed 
were the Type A chambers, and later the Type B units were developed. Ten cham- 
bers have been in constant use for two to five years. Their operation is simple, and 
their performance has been satisfactory. The cost of labor and materials for their 
construction has averaged about $500 per unit. 


CHAMBER TYPE A 
DETAILS OF CONSTRUCTION 

The Type A chamber was constructed in the shape of a rectangular box. Figure 1 is an 
illustration of the front elevation. The walls were made entirely of 14 gauge stainless steel sheet 
welded together to form air-tight seams and joints. Two openings were cut in each of the two 
side walls and in the top to provide for the windows. Single sheets of double-strength glass 
were used, Strips of sponge rubber gasket were cemented around the edges of the glass sheets 
on both sides, and each window was sealed in place by metal frames Dolted tightly to the chamber 
walls. 

Entry into the chamber for the care of the animals was mide through two large openings cut 
into the front wall. Each opening was framed by a sponge rubber gasket, 4 in. (1.2 cm.) thick 
and '% in. wide, cemented in place. The doors were made of stainless steel sheets, with the edges 
bent at right angles so as to fit closely around the outside of the rubber gaskets. Each door 
carried several stainless steel strips welded in place with their slotted ends projecting beyond 
the edges of the door. The fastener devices along the sides of each door were made from 
machine screws welded to 4% in. (0.6 em.) diameter steel rods. Small pieces of angle iron were 
welded to the chamber wall, and each rod was passed through holes drilled in these angles. This 
arrangement allowed the rods and screws to be rotated as units into or out of the fastening 
position. To close a door, it was simply swung shut; the machine screws were rotated into the 
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slotted sections, and the wing nuts tightened to press the door against the rubber seal. The door 
hinges were made from metal pins which were held loosely in eyelets fastened to the chamber. 
This provided space for the travel necessary in sealing the door and also made it possible for the 
door to be lifted away from the chamber easily. 

Figure 2 illustrates the rear view. Four ports for access into the chamber for air sampling 
purposes were located in the rear wall. They were formed by cutting and welding 3 in. (7.6 em.) 
diameter pipe couplings into the wall at strategic locations. Suitable fittings were fashioned into 
these ports to facilitate taking different types of air samples. 


intake for 
aerosols and air 


pressure 
indicator 


exhaust 4 _ plenum section of cham perforated plat 


ain 


rubber wheel 
casters 


Fig. 1.—Front elevation of Type A chamber. 


The interior of the chamber was divided into two spaces by a removable steel plate perforated 
with 1 in. (2.5 em.) diameter holes and located 10 in. (25 cm.) above the bottom. The upper 
section was the animal exposure area, and the lower one served as a plenum or exhaust space. 
Three pipes extended from the plenum section to the outside of the chamber. They were con- 
nected to a fourth pipe to form the exhaust manifold. 

Entry of the aerosols and ventilating air into the exposure area was through an opening cut 
into the center of the top of the chamber. A drain, used when the inside of the chamber was 
being cleaned, was formed from a 3 in. diameter pipe coupling cut and welded into the bottom 
of the plenum section. The entire unit was mounted on four large rubber-covered casters so 
that it could be moved about easily. 

The animal cages used in the chamber were box-like in shape and measured 30 in. (76 em.) 
long, 13 in. (33 cm.) wide, and 8 in. (20 cm.) high over-all. They were formed of two parts. 
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The lower section was essentially an aluminum tray 4 in. (10 cm.) in height and made of 20 
gauge metal. An opening about | in. high was contained in the front along the bottom edge. This 
allowed a preformed shallow waxed paper pan to be inserted into the tray which completely 
covered the bottom surface. A removable wire-screen platform upon which the animals rested 
was suspended from the side walls inside of the tray. The upper section of the cage was 4 in. in 
height and was made of 4 by 4 mesh galvanized wire screen. The top contained a sliding door 
for access into the cage. 

Each cage was large enough to accommodate the equivalent of 10 guinea pigs. Six cages 
was the maximum capacity of the chamber. Three cages were set on the perforated plate or, 
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Fig. 2.—Rear view of Type A chamber. 


floor of the exposure section. The other three were suspended above on a rack made of 34 in. 
(1.9 cm.) angle iron, as shown in Figure 1. 


MetHop oF OpeRATION 

Frequently inhalation studies with animals extended for periods of 18 months and 
longer. The animals were kept inside the cages within the chambers at all times 
throughout the duration of the observation. They were fed once each day from con- 
tainers placed within the cage. The animals obtained water from glass tubes which 
had a constricted tip and extended into the cages from reservoirs hung on the outside. 
The cages were cleaned by removing the used waxed paper trays containing the ani- 
mal wastes and food droppings, discarding them, and replacing them with fresh trays. 
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In such inhalation studies, the practice at The Saranac Laboratory has been to 
expose animals for a period of eight continuous hours each day, six days a week. In 
the remaining 14 hours of each day and for 24 hours on Sunday, the animals were 
supplied clean outside air. 


During the exposure period, air was drawn through the chamber continuously by 
a rotary pump which kept the chamber under a slight negative pressure of about 
2 mm. of water. The attempt was made to maintain the animal exposure environment 
at about 70 F. dry bulb and 60% relative humidity. This was accomplished by pas- 
sing a volume of from 3 to 5 cu. ft. (0.08 to 0.14 cu. m.) of outside air per minute 
through the chamber. The resistance of the chamber and exhaust manifold to air flow 
had been calibrated. Regulation of the volume of air drawn through the system was 
effected by manually adjusting a control valve in accordance with a prescribed setting 
of a water gauge connected to the exhaust manifold. 

Several types of disseminators have been employed for generating various dry air- 
borne dusts. These mechanisms commonly used compressed air of volumes up to 1% 
cu. ft. (0.014 cu. m.) per minute. The usual practice has been to locate the dissemin- 
ators outside the chamber so as to discharge their products directly into the main 
incoming air stream and as close to the chamber entry as possible. Dust ranging from 
about 10z to submicroscopic sizes have been used. Wet aerosols have also been 
employed. With these, the generators were located inside the chamber near the top 
and immediately below the main air entry. The control instruments, reservoirs, and 
pumps were located outside the chamber and were connected to the generators by 
tubing. 

When the less toxic mineral dusts were used, at the conclusion of an exposure 
period the chamber was evacuated for a time with clean air ; the operations were shut 
down and a door opened to provide the animals with ventilation during the “off” 
period. When dusts or aerosols of higher toxicities were used, the doors were kept 


shut, and an auxiliary fan system was employed to give the animals ventilation dur- 


ing the “off” periods. This fan system was equipped with a two-speed motor so that 
it could be adjusted to draw a large quantity of air into the chamber through the 
door when it was opened to feed the animals, 


CHAMBER TYPE B 
DETAILS OF CONSTRUCTION 


The Type B chamber is a recent development. It was designed to include certain 
additional features to those employed in the Type A unit. 

The chamber body was made octagonal in shape so as to reduce the space not used for animals 
to a minimum. It was planned for a capacity of about 65 guinea pigs which were to be main- 
tained on the same plane. Further, the octagonal shape and the truncated cone forms of the top 
and bottom sections aided in creating uniform air flow characteristics within the exposure space. 

Figure 3 illustrates the front elevation. The main body was made of angle iron frames welded 
together. Polystyrene plastic sheets were fitted into seven of these frames and bolted into place 
through rubber gasket seals. The remaining frame held the main entry door which was made 
also of plastic sheet and angle iron. The door was closed by tightening six screw-type fasteners 
and drawing it against a rubber gasket cemented to the frame. A small door for feeding and a 
second door for cleaning the chamber were built into the large main door. 

The aerosol and dust inlet was connected to the truncated section of the upper cone. A 4 in. 
pipe diameter slide valve arrangement was attached to the truncated section of the bottom cone 
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Fig. 3.—Front elevation of Type B chamber. 
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Fig. 4.—Top view of Type B chamber. 
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to serve as a clean-out drain. Both cones were made from sheet metal and were bolted to the 
frame through cemented rubber gaskets. The entire chamber assembly was attached to four pipe 
uprights by lockscrews so that it could be raised or lowered to conform to the space within 
which it was located. Casters were fixed to the bottoms of the four legs to allow the unit to be 
moved about. 

Figure 4 illustrates a plan or top view of the chamber in section, showing the details of the 
turntable or animal cage holder. The turntable was made from eight “T” angle pieces which 
radiated from a center hub to which they were welded. Additional support was given by angle 
iron braces welded to the eight arms as shown in the Figure. A 1% in. (3 em.) diameter pipe 
upright was welded into the center of the turntable so that it extended about 30 in. above and 
projected & in. below the hub. The hub itself was a 16 in. (15 em.) diameter iron plate, % in. 
thick. 

A 1 in. diameter pipe was welded to the centers of two opposite flat faces of the lower 
octagonal-shaped frame of the chamber and formed the support for the turntable. A second hub 
was welded to this pipe so that its center was aligned with the center of the octagon body of 
the chamber. This hub was recessed to hold a large radial roller bearing. The inside diameter 
of the bearing was sized to allow the lower end of the turntable pipe support to pass through it. 
In assembly, the pipe support was inserted into the bearing, and the hub of the turntable rested 
on the roller bearing. To give the turntable added rigidity, a sleeve bearing was mounted on 
the top end of the pipe support and was fixed to the upper section of the octagonal frame by 
three metal rods. 

The eight animal cages used in this type of chamber were wedge-shaped enclosures made 
from 4 by 4 mesh galvanized screen with sheet metal corner supports. “Fhey were 25 in. (63.5 
em.) long, 22 in. (56 cm.) wide at the face, and 15 in 


(38 em.) high. They were carried on 
the “T” iron radial arms, as shown in Figure 4. 


A short section of coil spring fastened to the 
turntable pipe support and fixed to a cage prevented the cage from moving from its proper place 
on the table. A small door was cut into the front of the cage and hinged so that it could be 
swung inward. 


Meriop oF Oreration 

The Type B chamber was designed specifically to be used with highly toxic 
dusts and aerosols. It was essential therefore that the manual attendance required 
be reduced to a minimum and that a reasonably high degree of safety be afforded the 
operator at all times. Basically, the operation of this unit was similar to that of Cham- 
ber Type A. Air was drawn through the chamber during the exposure period in 
volumes ranging from 3 to 5 cu. it. per minute by rotary pump. The point of exhaust 
was along the center line of the chamber and about 8 in. above the drain valve. Regu- 
lation was effected by means of a calibrated resistance system, as shown in Figure 3. 
An auxiliary fan system was employed to supply ventilation during “otf” periods and 
when any door was opened. 

The animals were kept in their cages at all times throughout the period of obser- 
vation. The animals were fed each day after the exposure period had been completed 
and the chamber had been flushed with clean air. With the auxiliary fan system in 
operation, the small feeding door was opened, and an air flow of about 300 ft. (91 m.) 
per minute was drawn into the chamber. The attendant, wearing a respirator on his 
face and rubber gloves on his hands, placed food inside the first cage. The turntable 
was rotated to the next cage and so on until all the animals had been cared for. The 
feed door was then shut, and the slide valve of the drain and the small lower access 
door were opened. A pressure nozzle on the end of a short pipe, connected by a flex- 
ible hose to the city water supply, was entered through the door, and the accumulated 
food and animal droppings were washed by a spray of water from the surface of the 


lower cone section into the drain. The drain was connected by pipe to a sump where 
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the washings passed through a fine wire-mesh screen before they were discharged to 
the sewer. The material retained on the screen, now thoroughly wetted, was placed 
into a special container for disposal. 

The volume of exposure space of the Type A chamber was about 60 cu. ft. (1.6 
cu. m.), and that of the B unit was 90 cu. ft. (2.5 cu. m.). These relatively large 
volumes were selected for a practical reason. In the event of an interruption of the 
power supply or failure of the ventilation equipment during the “off” periods, as did 
happen on occasion, a sufficient quantity of oxygen was contained in the closed cham- 
bers to allow the animals to survive for at least 10 hours. 


Samples of various dust clouds were taken simultaneously from different locations 
within both chambers. The dust count results were uniforin. The observed differ- 
ences were less than 10%. 


SUMMARY 


The details of construction and operation of two types of chambers used for the 
exposure of numbers of laboratory animals to the inhalation of aerosols have been out- 
lined. In their design, important consideration was given to protecting the operating 
personnel from exposure to the toxic materials which were studied. 


| | 
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EFFICIENCY STUDIES OF THE ELECTROSTATIC PRECIPITATOR 


KENNETH E. LAUTERBACH, M.A. 
THOMAS T. MERCER, M.A. 
ALASTAIR D. HAYES, MA. 

AND 


PAUL E. MORROW, Ph.D. 
ROCHESTER, N. Y. 


S PART of the program of the Radioactive Inhalation Section, a study is cur- 
rently being conducted to determine the deposition, or immediate retention, 
of certain radioactive aerosols in the animal respiratory system. An integral part 
of the controlled experiments is the determination of (a) the radioactivity and (>) 
the mean particle size of both inspired and expired aerosols. For the required 
sampling, the electrostatic precipitator will be used because of its high collection 
efficiency and low resistance to air flow. It was first necessary, of course, to deter- 
mine the efficiency of this sampler in collecting radioactive particulates under condi- 
tions closely duplicating those in the animal test. 

The published efficiency tests of the electrostatic precipitator consistently show 
that the instrument retains a very high percentage of air-borne material. Drinker, 
Thomson, and Fitchet' measured the efficiency of an electrostatic precipitator in 
collecting an ammonium chloride fume of less than | » size. They reported quanti- 
tative precipitation, as indicated by a Tyndall beam test of the air issuing from the 
electrostatic unit. Later, Barnes and Penney * connected two precipitators in series 
to sample a silica dust of 0.5 » geometric mean particle size and found that no dust 
was collected on the second precipitator. Keenan and Fairhall * worked with a glass 
wool adsorption tube to collect the aerosol escaping an electrostatic precipitator 
similar to that devised by Drinker. They reported a 100% collection of 0.3 yp lead 
fume when the precipitator was operated at or above 25,000 volts. 


The expected high efficiency of the electrostatic precipitator indicated that very 
sensitive methods would be required to collect and measure the air-borne particulates 
not removed from the sampled air. As primary standards for this purpose, the 
thermal precipitator and a modified flame photometer were applied. Unfortunately, 
the data obtained did not numerically establish the efficiency of the instrument, 
although a very low penetration through the electrostatic precipitator was shown. 


From the Division of Pharmacology and Toxicology, Department of Radiation Biology, 
University of Rochester School of Medicine and Dentistry. Mr. Mercer is currently with the 
Department of Public Health and Preventive Medicine, University of Washington School of 
Medicine, Seattle. 

This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energy Project. A previous report 
by K. E. Lauterbach, T. T. Mercer, A. D. Hayes, and P. E. Morrow, on Efficiency Studies 
of the Electrostatic Precipitator, Unclassified Report UR-287, appeared in October, 1953. 
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It was then decided to try a radioactive test aerosol, collecting the material escaping 
7 the electrostatic sampler by means of molecular filter discs. This choice combined 
a very efficient filtering medium with an aerosol particulate which was easily 
detectable in minute amounts. An added argument in favor of using a radioactive 
aerosol was the fact that the retention experiments will be performed with a similar 
material. 
EXPERIMENTAL PROCEDURES 


The electrostatic precipitator used for these tests was basically the same as the 

commercial model but was modified in design (a) to minimize air turbulence and 

; (b) to allow connection of a filter holder directly behind the unit. A photograph of 
the sampling head is shown in Figure 1. The collecting electrode was an aluminum 

tube 11% in. (3.7 cm.) in diameter and 7% in. (19 cm.) long. The body of the 

sampler was constructed of Lucite rod, internally machined to provide a slip fit for 


Fig. 1.—-Modified electrostatic precipitator, showing from the left (a) the collecting electrode, 
(hb) the plastic head, and (c¢) the plezometer used in the retention experiments. 


the collecting tube and for a circular web which supported the central ionizing 
electrode. The air channel behind the web tapered to 5¢ in. (1.5 cm.) opening for 
connection to the filter holder. 

The high voltage lead was introduced through a tube in the rear of the plastic 
body and soldered to the central electrode plug. The central electrode consisted of 
a tapered brass rod which held a 3 in. (7.6 cm.) length of 0.027 in. (0.06 cm.) 
diameter stainless steel wire. Power to the ionizing wire was supplied by a variable 
voltage D.C. power pack which was an R. I. negative high voltage supply with 
positive ground.* All tests were performed with the central electrode negatively 
charged at 14 ky. At this voltage, current through the electrostatic system was 
0.3 ma. 


* Spellman Model PN-30 D. C. power supply, manufactured by Spellman Television Com- 
pany, Inc., 3029 Webster Ave., New York. 
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The radioactive aerosol was generated by a single jet (0.0125 in. [0.03 cm.] 
hole) aspirator * submerged in a Na**-enriched solution of sodium chloride. The 
aspirator was operated at a fixed pressure of 20 p. s. i. and delivered a highly con- 
centrated aerosol at the rate of approximately 2 liters per minute. Air supplied 
to the jet was prehumidified to reduce water evaporation from the sodium chloride 
solution. After generation, the aerosol was immediately mixed with filtered diluting 
air and passed into a 5 liter three-neck flask, as shown in Figure 2. 

The exhaust from the mixing flask was withdrawn through a glass-wool filter 
and then through a series of CWS Type 6 filter discs to remove particulate material 
before venting. Because of the high pressure drop across this filter system, the 
exhaust line was attached to a separate pump drawing air at a slightly higher rate 
than the supplied atmosphere of 25 liters per minute. .\ loose-titting sleeve around 
the exhaust port allowed the entrance of room air at this point and thus maintained 


GLASS WOOL 3 CWS TYPE 6 
FILTER FILTERS 


TO PUMP 
AND VENT 


| 3 MILLIPORE FILTERS 


PRECIPITATOR 


5 LITER FLASK 


NaCl SOLUTION 
ASPIRATOR 
COMPRESSED AIR 


Fig. 2—Apparatus for testing the electrostatic sampler with a radioactive sodium chloride 
aerosol. 


a stable pressure balance in the mixing flask without loss of contaminated aerosol to 
the atmosphere. 

The collecting tube of the electrostatic precipitator was fitted into the mixing 
flask through the large diameter neck. During the tests, a compound filter holder 
was attached to the tail pipe of the precipitator so that the effluent aerosol was 
immediately passed through a series of three molecular filters. These were Millipore 
Type AA filters} of 1 in. (2.5 cm.) diameter. The air-flow rate was measured by 
means of a rotameter in the sampling line, and the total volume of each air sample 
was checked with a gas meter connected to the pump exhaust. To determine the 
concentration of aerosol in the test atmosphere, an air sample was taken with the 
electrostatic voltage off, collecting the sodium chloride dust directly on the Millipore 
filters. The radioactivity of the deposit, corrected for counting efficiency and air 
volume, was taken as the activity of the original atmosphere. The particulate matter 
escaping deposition by the precipitator was determined similarly but with a voltage 


+ Trade name of the Lovell Chemical Company, Watertown, Mass. 
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of 14 kv. applied to the central electrode. Penetration througk the electrostatic 
sampler was expressed as: activity of the penetrating aerosol/activity of the test 
atmosphere * 100. 

During the first experiment, it was found that the concentration of the aerosol 
increased as much as 100% in two hours’ operating time, probably because of water 
evaporation from the aerosolized solution. To obviate such an error in the pene- 
tration value in the next test, the atmosphere was sampled throughout the entire 
run, with these samples spaced between individual test determinations on the electro- 
static precipitator. In later work, it was found that a larger supply of salt solution 
continuously recycled through the aerosolizer bulb would nearly eliminate concen- 
tration changes. With the improved system, the aerosol concentration was found to 
vary less than +20% from the starting value even after four hours of operation. 

The B-activity of the filter deposits was measured with an end window Geiger- 
Mueller tubet operating at 1,400 volts and a Victoreen scaler. The average 
counting efficiency of the instrument was found to be 6.6%, as determined with 
Bi?*’ and Pa*** standards. Samples in excess of 3 10* counts per minute were not 
counted until an appropriate decay had occurred in order to avoid coincidence errors. 


PARTICLE SIZE OF THE TEST ATMOSPHERE 

Preliminary to the tests with Na*‘, a series of particle-size studies were con- 
ducted on the nonradioactive aerosol produced from various concentrations of 
sodium chloride solution. The methods of aerosol production and dilution were 
identical to the later test conditions, and samples were taken both with the oscillating 
thermal precipitator and with the modified electrostatic sampler. To minimize the 


loss of small particles, the dust was deposited directly on collodion-coated sample 
grids and photographed in the electron microscope. Direct particle-size measure- 


ments were made from the projected electron micrographs under 5 enlargement. 
Over-all magnification was 56,000%, which clearly resolved particulate material 
as small as 0.018 pw diameter. 

It has been reported by Drinker ® that the particle size of dust deposited in the 
electrostatic precipitator may vary along the length of the collection tube. This 
effect was anticipated in the present study, and special care was taken to avoid 
selective sampling. The method used was patterned after that suggested by Riedel ° 
and consisted of sampling the test aerosol with 12 electron-microscope grids equally 
spaced lengthwise in the electrostatic precipitator tube. Size determinations were 
then made on equal areas of each grid, and the complete distribution was calculated 
by summation of the number-size data for all grids. No such treatment was necessary 
with the oscillating thermal precipitator, as the dust is uniformly mixed during 
sampling by oscillation of the collecting surfaces. 

Three samples of the test aerosol from a 10% sodium chloride solution, as 
collected by the thermal precipitator, showed an average mass median diameter 
(MMD) of 0.59 » and an average standard geometric deviation (o,) of 2.45. The 

ft Series 200C mica end window counter, window thickness 1.4 mg. per square centimeter, 
manufactured by Amperex Electronic Corp., Hicksville, Long Island, N. Y. 

§ Model 337, manufactured by the Victoreen Instrument Company, 5806 Hough Ave., 
Cleveland. 
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individual size determinations gave a range of sizes from 0.46 p (2.30 o*) to 0.75 p 
(2.78 o,). In comparison, a value of 0.81 » (2.75 o,) was found for an electrostatic 
precipitator sample of the same dust. 

In order to check the influence of radioactivity on particulate agglomeration, an 
electrostatic precipitator sample was taken of the aerosol produced from a 10% 
sodium chloride solution enriched with Na**. Both radioactive and nonradioactive 
aerosols showed essentially the same MMD, viz., 0.82 » and O.81 p, respectively. 

Since it was planned to determine the electrostatic precipitator efficiency for 
particles smaller than 0.7 », size determinations were obtained on the aerosol pro- 
duced at solution concentrations of 1.0 and 0.1%. Both samples were taken by the 
thermal precipitator. The first solution (1%) was nonradioactive and yielded an 
MMD of 0.26 p. At the lowest sodium chloride concentration (0.1%, radioactive ) 
the mean size dropped to 0.19 ». A summary of the data is given as Table 1. 


Taste 1.—Particle Size Measurements of the Sodium Chloride Aerosol 


Produced from Solutions of Various Concentrations 


Standard 
Geometrie 
Mass Median Deviation 
Aerosol Sampler * Diameter, u (ag) 
Nonradioactive O55 2.31 
Nonradioactive O75 
Nonradioactive 0.46 
Nonradioactive 0.26 
Radioactive O19 


* T. P., thermal precipitator; E. S. P., electrostatic precipitator. 


AEROSOL PENETRATION THROUGH MOLECULAR FILTERS 


One of the simplest methods for measuring filter efficiency is to determine the 
penetration through a series of three or more identical filters. This was done with 
1 in. diameter Millipore Type A.A filter discs during the electrostatic precipitator 
tests. A radioactive aerosol (0.3 » MMU) was filtered through three Millipore 
discs at 15 liters per minute. Penetrations were expressed as the sum of the cor- 
rected activities of the second and third filters in relation to the total activity of all 
three filters. Five determinations of this type were made. Penetration values varied 
from 0,003 to 0.007%, with an average of 0.004%, 

The value of these data, of course, depends upon the assumption that there is 
complete collection of air-borne particulates by the filter series. This is rather a 
broad statement and in itself is hardly defensible without added proof. The data do 
show, however, reproducible filtration characteristics, with no direct indication of 
significant losses through the first filter. 


EFFICIENCY OF THE ELECTROSTATIC PRECIPITATOR 


The data collected thus far show that the electrostatic precipitator allows only 
a very small penetration of air-borne radioactive material. As an average of all 
determinations, the value of 0.02% may be cited for aerosol penetration at flow rates 
from 8 to 23 liters per minute and mean particle sizes from 0.2 to 0.7 ». Penetration 
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values as a function of particle size and flow rate are given more specifically in Table 
2. Kor the sodiam chloride aerosol oi largest mean size (0.7 »), the loss of radio- 
active material averaged only 0.002% at 15 liters per minute. Much higher penetra- 
tions of 0.019 and 0.017% were found at the same flow, with smaller particles of 
0.3 and 0.2 p, respectively. 

Variation of flow rate through the electrostatic sampler had little effect on the 
penetration values, which ranged from 0.027% at 7.5 liters per minute to 0.036% 
at 23.4 liters per minute. It is reasonable to conclude that the precipitator under 
test conditions was operated at nearly maximal efficiency and that greater sampling 
rates would be required to show a significant reduction in collecting efficiency. 

Fortunately nearly all the dust (99.9% ) removed by the electrostatic precipitator 
is deposited in the collection tube. In a typical test, a sodium analysis by the flame 
photometer on washings of the component parts showed that of the total material 
collected 0.08% is retained on the plastic head and web and less than 0.01% on the 
central electrode. 


Taste 2.—Penetration of Sodium Chloride Dust Through the Electrostatic Precipttator * 


Approximate 


Aerosol Sampling Percentage Penetration 
Cone., Rate, +- 


— 
Particle Size Mass Median Diameter, a Me./M.4 Liters Min. Range 


Average 
15.3 0,001-40,005 0.002 
75 
15.3 0.014-0.024 0.019 
23.4 0.007-0.105 0.036 
15.3 0.011-0.020 0.017 


* Operated at 14 kv., with the central electrode negatively charged. 


COM MENT 


These tests of the electrostatic precipitator establish the worth of the device in 
the proposed aerosol-retention experiments in animals. Further studies of this 
sampler are anticipated, however, since the data do not represent a complete test 
of the unit. It would be interesting to determine over a wider range of values the 
effects of particle size and air-flow rate on the collection efficiency of the precipitator. 
Additional particle-size measurements are indicated, to determine the size distribu- 
tion of material escaping precipitation under various operating conditions. Lastly, 
the efficiency of the electrostatic precipitator should be evaluated for a nonradio- 
active, nonionizing aerosol, since it is possible that the operating characteristics of 
this sampler may be influenced by the specific activity of the aerosol sampled. 


SUMMARY 

Tests of the electrostatic precipitator in collecting a radioactive aerosol have 
shown that the instrument retains a uniformly high percentage of air-borne particu- 
late material. The percentage of dust penetration through the precipitator was 
calculated from the original aerosol activity and the activity of the deposit collected 
on three molecular filters in series following the test instrument. The method of 
testing has been found to give reproducible results in estimating penetration values 
as low as 0.005%. 
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Based upon a number of tests of molecular filters in series, the efficiency of this 
filtering medium appears to be extremely high. 
We were aided by the suggestions of Prof. Harold C. Hodge, the critical examination of 


this report by Dr. Charles J. Spiegl and Dr. J. Newell Stannard, and the assistance of Dr. 
Michael L. Watson in the electron-micrograph studies. 
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Abstracts from Current Literature 


General 


Nicut Work anv Suirt Cuances. §S. Wyatt and R. Marriott, Brit. J. Indust. Med. 
10:164 (July) 1953. 


This paper describes a preliminary study in which the authors have attempted to define 
more precisely the nature of the changes involved in night work and shift changes and to 
indicate their probable effect. Among the factors considered are the output, the amount of 
absence from work, and the attitudes of the workers. 

Output on night shift was slightly less than on day work, and this difference was equally 
noticeable whether the shifts were changed weekly, fortnightly, or monthly. About one-third 
of the men worked as well or better on night shift as on day. When the same men were 
used for comparison, absence was tittle affected by day or night shift. Most of the men 
preferred day to night work, and their reasons for this are given. 

B. H. Amour, Boston. 


From Factory Inspection to Aputt Heattu Service: A Review oF GOVERNMENTAL 
ADMINISTRATION OF OccUPATIONAL HeattH. Mutton I. Roemer, Brit. J. Indust. Med. 
10:179 (July) 1953. 


The author presents a world-wide survey of the degree of development of various factory- 
inspectorate programs into adult-health programs and discusses which societal situations would 
profit most from a closer integration of on-the-job worker-protection programs with adult 


public-health services, H. Boston. 


Physiology and Nutrition 


PROBLEMS OF ENVIRONMENT: INFLUENCE OF TEMPERATURE AND HuMIpity ON THE HUMAN 
OrGaNtsM. R. Georceiin, Arch. mal. profess. 14:356, 1953. 


A review of the literature shows agreement on the idea that the “climate” of work, that is, 
the temperature and humidity, actually influences industrial mortality, liability of contracting 
diseases, ability to work, and frequency of industrial accidents. 

The amount of energy expended by the worker has considerable effect on the temperature 
and humidity of the working atmosphere which, in turn, affects the worker. This process must 
be taken into account, or the worker will be harmed by overeating, inability to get rid of excess 
moisture, ete. 

The mechanisms of disturbances caused by heat are discussed, together with the factors 
which aggravate tolerance to heat. 

The natural defense mechanisms of the human organism are presented, and artificial methods 
of protection for the industrial worker are discussed. Social legislation is emphasized, 


Facror ANALYsIs OF HEMATOLOGICAL CHANGES IN Heavy Manuat Work. M. J. Kar- 
VONEN and M. Kunnas, Acta physiol. scandinay, 29:220, 1953. 


In protracted heavy manual work, there occurs a neutrophilic leucocytosis accompanied by 
lymphopenia and eosinopenia. There is also a drop in the erythrocyte level during work. 
During recovery all these changes are reserved. 

Factor analysis offers a statistical possibility for studying the nature of the covariation of 
a group of variables. An attempt was made to use this method in the study of the covariation 
of hematological changes in conditions in which the primary experimental variation was exercise 
and recovery from it. Blood samples were taken from seven volunteers who took part in the 
Finnish National Lumber Competition. The blood samples were taken on the day before the 
competition, during the competition every morning before work was started and every afternoon 
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half an hour after the end of the work, and on the morning after the last day of the competition. 

An analysis of the intercorrelations of the observed various hematological changes revealed 
that these changes may to a considerable extent be explained by two commen factors. In one 
of them, the lymphocytes, eosinophiles, and erythrocytes have reiatively high negative loadings, 
forming a very close cluster. This suggests that the fall of the erythrocytes is due to the same 
cause as that of the eosinophiles and lymphocytes, i. e., to adrenocortical stimulation. The 
same factor shows positive loadings for the neutrophile group. With the application of Selye’s 
theory of the general adaptation syndrome to these findings, this factor may well be called 
an “alarm reaction countershock factor.” 

The neutrophile young forms show the highest loadings in the second factor, and this factor 
also arranges the different forms of the neutrophiles according to their “age,” the segmented 
neutrophiles showing the lowest loadings. Therefore, it may be called a neutrophile young-form 
mobilization factor. The physiological mechanism responsible for this factor is not known. 

The monocytes are loosely associated with the segmented neutrophiles in the factor analysis 
An arrangement of the monocytes along the same axis as the neutrophile young forms suggested 
that the changes of the monocytes in work and recovery are regulated to a great extent by the 
same factors as a “shift to the left” in the neutrophiles. 


Occupational Diseases and Hazards 


HEART DIsEASE IN CHRONIC ARSENIC PoIsONING: CLINICAL REPORT OF Two Cases. R. L. 
Rossins, J. Louisiana State M. Soc. 105:301 (Aug.) 1953. 


Robbins presents the histories of two patients with chronic arsenic poisoning. The first 
patient, a 50-year-old cotton farmer, had dusted cotton repeatedly from 1923 through 1939 with 
a compound that contained arsenic. During those years he had recurrent, mild episodes of 
vertigo, weakness, nausea, and vomiting. In 1946 he again was briefly exposed to arsenic, and 
nausea, vomiting, diarrhea, anorexia, and generalized abdominal cramps developed. These 
symptoms were followed several days later by sore throat, hoarseness, swelling of the face and 
neck, and paroxysmal dyspnea. The patient was found to have edema of the soft palate and 
of the pharynx. An x-ray film of the chest revealed pulmonary congestion. From 1947 through 
1952 the patient was hospitalized 19 times. He never fully recovered. The cardiac symptoms 
persisted. Serial electrocardiograms showed evidence of myocardial disease. 

The second patient was a 40-year-old laborer whose job required that he clean oil-drilling 
equipment. He would mix a white powder with water, place this solution in a closed container, 
light a fire under it, and expose the tools to be cleaned to the steam. A compound of hydro- 
chloric acid and arsenic had previously been placed on the equipment to be cleaned. The patient 
used no mask. 

Having been thus employed for about eight months, he noted nausea, vomiting, anorexia, 
giddiness, and excessive salivation. Two months later an erythematous eruption developed 
about the hands and feet, associated with paresthesia. The rash slowly spread until it involved 
his entire body. Conjunctival erythema and excessive lacrimation developed. When the 
patient was first hospitalized in May, 1949, he was found to have a generalized maculopapular 
rash, with thickening of the palms and soles. He had albuminuria. A Kolmer blood test 
for syphilis was positive. 

In September, 1950, his symptoms all persisted, and, in addition, the burning pains in the 
feet had become progressively worse until he could no longer stand or walk. He again 
experienced nausea, vomiting, and abdominal distress. His gums had become swollen and 
painful, and his teeth loosened. The hair and nails were found to contain 33.9 ppm of arsenic, 
and a 24-hour urine specimen contained 0.006 ppm of arsenic. Treatment consisted of bed rest, 
penicillin, and dimereaprol. There was slight improvement in the paresthesia, and the cardiac 
size diminished. He was discharged with the diagnosis of chronic arsenical intoxication. 

In October, 1951, the patient was hospitalized because of return of all symptoms after he had 
returned to his old job with the tool company. He received dimercaprol, together with a high 
caloric diet and vitamins. His response was not gratifying. He was again hospitalized in 
March, 1952, because of ascites, pedal edema, abdominal cramps, diarrhea, chronic cough, 
exertional dyspnea, and palpitations. He responded fairly well to digitalis, low sodium diet, 
and mercurial diuretics, but six months after discharge chronic congestive failure persisted. 
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The etiology of the heart disease in these men was never adequately explained. Neither 
patient had hypertension nor retinopathy nor evidence of valvular pathology. Both had con- 
gestive rather than anginal failure. Although in one patient the serologic tests for syphilis 
were positive, the absence of clinical and roentgenographic evidence of valvular and aortitic 
lesions precluded the diagnosis of syphilitic heart disease. The pharyngeal edema which caused 
the house staff to suspect diphtheria was the most classical symptom of early chronic arsenical 
intoxication. 


PropLem oF Dusts anp Its IMPORTANCE IN INDUSTRIAL PATHOLOGY. A. 
Poricarp and A. Arch. mal. profess. 14:337, 1953. 


Electronic photomicrographs have demonstrated the presence of ultra-fine dust particles 
in the pneumoconiotic lungs of certain French rock and coal miners. The inframicroscopic 
particles ranged in size from 0.1 to 2 4. With the use of the frequency of the 2 “ particles 
as 100% in the lung samples of one rock miner and three coal miners from different parts of 
France, the relative frequency of the smaller particles ran in direct proportion to size; the 
difference in frequency of particles in the rock miner's lungs and in the coal miner’s lungs ran in 
inverse proportion to the size of the particles, the relative frequency being greater in the rock 
miner's lungs in all cases. 

These particles have been proved harmful; the mechanism of their toxicity has not been 
extensively studied, but it is clear that there are two aspects of the problem: their chemical 
action and their surface area. Although they often appear in agglutinations, these are loose 
enough to allow the inside surfaces of the particles to exercise their influence. It is known 
that they can fix themselves to the alveolar wall and can travel via the lymphatic system, 
tending to congregate in the lymph nodes. 

In combating ultra-fine dust, the same techniques of aspiration and ventilation that apply 
to toxic gases should be used, since the inframicroscopic particles are no bigger, and are often 
smaller, than the gas molecules. 


On ResprrRatORY INSUFFICIENCY OF PULMONARY AND CARDIOCIRCULATORY ORIGIN: 
EXPERIMENTAL RESEARCH CARRIED Out ON SupjecTs AFFECTED WITH SILICOSIS AND 
HeaArRT DiskASE WITH THE KNIPPING METHOD. M. PASARGIKLIAN, EF. SARTORELLI, and 
FE. GrorGi, Med. lavoro 44:329-382 (Aug.-Sept.) 1953. 


The authors’ aim was to examine the mechanisms which cause respiratory insufficiency and 
the symptoms by which it is manifested, with the possibility of utilizing the latter for the 
evaluation of pulmonary and cardiac function. The details of the experimental procedures used 
are given. Respiratory insufficiency is due to the arising of an anoxic anoxia condition which 
is characterized by pulmonary hyperventilation and low oxygen consumption. In cardiopathic 
patients, respiratory insufficiency is referred to as stagnant anoxia, but it is clearly revealed by 
spirographic methods only when it is superimposed by anoxic anoxia. This condition is obtained 


by decompensating the cardiopathic subject. From tHe Encuisn SUMMARY 


RapIATION INjuRY TO THE OcuLAR Lens. Ferice University of Milan Mono- 
graph, 1953. 


This is one of a series of monographs in Italian on occupational diseases. The author 
discusses in detail the etiological factors, morbidity, prevention, and medicolegal aspects of 
ocular lesions resulting from exposure to radiant energy from such sources as glass-blowing, 
foundry work, welding, radiography, and radioactive material. 


A. T. Rossano Jr., Boston, 


Industrial Toxicology 


Nores oN DETERMINATION OF LEAD BY DitHIzONE MetHop. Hervey B. ELKtins and 
Benjamin P. W. Ruotroto, Am. Indust. Hyg. A. Quart. 14:109 (June) 1953. 


The authors indicate that freshly prepared solutions of NaCN may suppress lead, but after 
aging a few days these solutions will furnish satisfactory results in the dithizone analyses. 
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Sulfide impurities, which oxidize upon standing, apparently cause initial interferences. The 
authors suggest investigation for bismuth during urinary analyses for lead, since oral or intra- 
muscular medication may result in significant rine concentrations. 

R. Dennis, Boston. 


API Toxicotocicat Reviews. AMERICAN Institute, DEPARTMENT OF TECH- 
NICAL SERVICES, New York, 1953. 


Sixty-three of these reviews have been printed to date, all in loose-leaf form, letter size. The 
list can be obtained from the American Petroleum Institute, 50 W. 50th St. New York 20. 
Single reviews cost 25 cents, and the full set costs $13.00. Of the 63 on this list, 13 are on the 
same subjects as that number of Chemical Safety Data sheets issued by the Manufacturing 
Chemists Association. Each of the API reviews is accompanied by a bibliography on the 


xico he is “dd. 
toxicology of the chemical discussed Parr Demnes. Boten. 


OrGanic Puospnate [Nsecticipes. H. H. Ures, Indust. Med. 22:375 (Sept.) 1953. 


The paper as published is a summary of part of a thesis of health hazards associated with the 
use of organic phosphate insecticides. Some of the literature on occupational exposures to the 
Various insecticides, especially parathion, is reviewed. Four cases of parathion exposure from 


the author’s experience are presented, all occurring in the same orchard operation. In all cases 
there were slight symptoms and lowered red cell cholinesterase. A noteworthy feature of the 
cases is that the cholinesterase dropped at the end of the season, about two months after the 
first exposure, although the patients had recovered from the symptoms. Urinary paranitro- 
phenol tests did not show consistent correlation with blood cholinesterase tests or with symp- 
toms. Microtesting for cholinesterase is the method of choice in examining for parathion 
exposure, but the author’s results agree with others in showing that cholinesterase tests offer 
little help in evaluating the degree of exposure or severity of symptoms. 


Inpust. Digest 


LEAD AND LeEap Porsontnc AMERICA: BrNJAMIN FRANKLIN AND LEAD 
Potsoninc. C. P. McCorp, Indust. Med. 22:393 (Sept.) 1953. 


This is the first of a series of papers on the history of lead and lead poisoning in early 
America. Most cases of the poisoning at that time were caused by rum distilled through lead 
still-heads and worms. In 1723, the Massachusetts Bay Colony pasesd a law against the use 
of lead in the distillation process. Franklin, although a medical layman, knew much about lead 
poisoning and numbered many physicians among his associates. Although lead poisoning had 
been known since 1000 B.C., the first important medical book on the subject, entitled “The 
Devonshire Colic,” was written by Baker in England in 1767. This paper presents evidence 
that Franklin, through his acquaintance with Baker and his knowledge of the subject, gave 
impetus to the publication of that book. In 1745, Franklin published an “Essay on the West- 
India Dry Gripes” by Cadwalader, one of his medical friends. In what way Franklin contributed 
to the paper other than as publisher is unknown, but he had been familiar with lead poisoning 
and its identity with the “dry gripes” in addition to the hazards of the printing trade. The 
Massachusetts Bay Colony law and several of Franklin's letters are reproduced 


Inpust. Digest. 
CuemicaL SAFety Data SHEETS. Manufacturing Chemists Association, Washington, D. C., 
1953. 


Fifty-four of these excellent data sheets have now been published by the Manufacturing 
Chemists Association. The full list and prices (either 25 or 30 cents each) can be obtained from 
the association, 246 Woodward Building, 15th and H Streets, N.W., Washington 5, D. C. 
They are issued in letter-sized sheets punched for loose-leaf binders 


Puttiep Drinker, Boston. 
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OrTHO-DICHLOROBENZENE: PROPERTIES AND EssENTIAL INFORMATION FOR SAFE HANDLING 
AND Use. Manufacturing Chemists Association, Chemical Safety Data Sheet SD-54, 
Washington, D. C., adopted 1953. , 


This data sheet is the 54th of the series and follows the format of those preceding, viz., name 
of the chemical in question, properties, usual shipping containers, unloading and emptying, 
storage, handling, waste disposal, health hazards and their control. 

The excellent summary gives an adequate abstract : 

“Ortho-dichlorobenzene is a colorless liquid having an aromatic, distinguishable odor. Its 
vapor, in high concentration, is irritating to the eyes and upper respiratory system, and thus 
has good warning properties. Ortho-dichlorobenzene is slightly toxic but in normal use and 
with application of diligent precautions there is no unusual hazard involved. 


Prolonged and 
repeated skin contact can be irritating. 


Inhalation of the vapors may result in mild intoxication. 
The generally accepted maximum allowable concentration is 75 ppm by volume in air for an 
eight hour working day. 
“Ortho-dichlorobenzene gives off toxic and flammable vapors at elevated temperatures. The 
flash point of the liquid is much higher than the temperatures at which it is normally handled. 
“Some of the principal precautions to be observed when handling ortho-dichlorobenzene are : 
“1. Avoid contact with skin and eyes. If ortho-dichlorobenzene is spilled on clothing, change 
clothes to avoid prolonged contact with the skin. 


“2. Avoid prolonged inhalation of vapors in high concentrations. 


“3. Wear protective equipment such as rubber gloves and goggles when handling ortho- 
dichlorobenzene. 

“If accidental contact is made with eyes, flush immediately with flowing water for at least 
15 minutes. Usual treatment for removal of ortho-dichlorobenzene from the skin is by using 


soap anc ater.” 
map and water Puttip Drinker, Boston. 


Toxicity or CHLORDANE Vapors. L. INGLE, Science 118:213 (Aug. 21) 1953. 


The vapor toxicity to warm-blooded animals of the insecticide chlordane has been a subject 
of controversy for several years. The experiments of Frings and O’Tousa (Science 111:658, 
1950) and of others indicated a high toxicity to mice. Their experiments were repeated by the 
author in all details except that samples of chlordane of recent manufacture were used. The 
animals in a treatment chamber were subjected to 14 days of exposure to a current of air 
(18 ml. per second) which had first passed through 105 ml. of chlordane in a saturation train. 
(The concentration of chlordane was not determined, but the procedure was the same as in the 
earlier experiments.) No symptoms of toxicity were noted, and no deaths occurred. Only 
microscopically observed changes in the liver were noted. Early samples of chlordane frequently 
gave off irritating volatile materials, probably due to the presence of unreacted ingredients, 
chiefly hexachlorocyclopentadiene. In additional experiments, that material was added to the 
chlordane in various proportions. With 10% of the compound, all the animals were dead within 
24 hours. With 2.5%, symptoms were present in 4 days, and deaths occurred in 20 to 25 days. 
Examination of the organs showed gross pathological changes. It is concluded that the reported 
vapor toxicity to mice should not have been attributed to chlordane but rather to an unreacted 
intermediate which was present in chlordane as manufactured at that time. The intermediate 


has since been reduced to a point where it is no longer present in quantity sufficient to produce 
significant vapor toxicity to mice. (Ed. Note—Papers by Ingle and others within the last two 
years have shown a definite toxicity by other methods of administration, especially oral, but the 
results are not inconsistent with those reported here.) 


Inpust. Hyc. Dicest. 


Potsoninc Dur TO THE ANTICHOLINESTERASE. V. Moserey and H. P. South 
Carolina M. A. J. 49:227 (Sept.) 1953. 
Three cases of poisoning due to anticholinesterase insecticides are described in three men 
between the ages of 18 and 37. 
Two of the patients were employed by a local chemical plant and had been exposed to tetra- 


ethylpyrophosphate. Both these men had constricted fields of vision and inspiratory and 
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expiratory wheezes over both lung fields. Although the patients wore full protective equipment, 
observed the safety rules, and did not knowingly come in direct contact with tetraethylpyro- 
phosphate, the authors felt that their symptoms were undoubtedly due to poisoning with this 
insecticide. The patients were given + mg. of atropine subcutaneousl; on admission, and after 
two hours this dose was repeated. Elixir of terpin hydrate was given for the cough. All the 
symptoms subsided within a few hours. No symptoms had reappeared within 24 hours, and 
the patients were discharged improved. The early recognition of tetraethylpyrophosphate 
poisoning and prompt treatment resulted in only minor morbidity, 

The third patient, a farmer, had sprayed tobacco with diethyl-p-nitrophenyl thiophosphate 
(parathion) for four hours. Within one hour he complained of muscle cramping, nausea, 
sweating, and cough. Shortly afterwards he became irrational. He was given 1 mg. of atropine 
subcutaneously twice on his journey to the hospital and was admitted in a semicomatose state. 
History revealed that the patient had sprayed tobacco with parathion for a period of about 
four hours two weeks previously. His only protection against parathion on both occasions was 
a handkerchief tied over his nose. During the first two hours in the hospital he received 
12.2 mg. of atropine without signs or symptoms of toxicity; following subsequent administra- 
tions, he became restless, and that was attributed to stimulation of the central nervous system 
by atropine. This undesired side-effect was controlled with phenobarbital sodium, and the 
dose of atropine was regulated according to the size and reaction of the pupils and flushing 
of the skin. After regaining consciousness within 72 hours after admission, he was arbitrarily 
given 0.4 mg. of atropine every 8 hours for 48 hours and then 0.4 mg. every 12 hours for 
72 hours, which was sufficient to keep him well atropinized. The patient was given 0.5 gm. of 
dihydrostreptomycin and 400,000 units of penicillin procaine every 12 hours prophylactically for 
the first six days of his hospital stay in order to guard against pulmonary infection. After 
regaining consciousness, the patient had no recurrence of previous symptoms and no new 
symptoms during the following five days of observation. 

The mechanism of action of the tetraethylpyrophosphate and parathion is by irreversible 
combination with cholinesterase in all tissues of the body, resulting in an excess of acetylcholine, 


with symptoms depending quantitatively on the amount of cholinesterase inhibited. The danger 


of additive toxic effects from repeated exposures to small amounts of these insecticides is 


stressed because of the slow rate of restoration of cholinesterase activity to normal levels. 
Safety recommendations for workers handling the anticholinesterase insecticides are listed. 


Acute Potsonincg Causep By INGESTION OF ETHYLENE CHLOROHYDRIN. F. BALtorra, 
P. Bertacnt, and F. M. Trost, Brit. J. Indust. Med. 10:161 (July) 1953. 


A fatal case of poisoning caused by the ingestion of a small quantity of ethylene ciilorohydrin 
is described. Death occurred after seven hours, the symptoms consisting of nausea, retching, 
headache, excitability, delirium, coma, and collapse. Death was apparently due to cardiac and 
respiratory collapse. Postmortem and histological examination showed no changes in the mouth 
and pharynx, hyperemia of various organs, particularly of the brain and meninges and of the 
liver, marked edema of the lungs and extravasation of blood, congestion and edema in and 


around the renal tubules. AutHors’ SUMMARY. 


PORPHYRINURIA IN PERSONS Exposep To Leap Hazarps. D. O. G. R. PALMER, 
P. FE. Cornisu, and E. J. Kearcey, M. J. Australia 2:171 (Aug. 1) 1953. 


Shiels and associates say that during the last two and a half years it has been the practice in 
their division to determine the coproporphyrin content of all specimens of urine examined for 
lead in an attempt to assess the value of this very rapid test as an aid in the prevention and 
diagnosis of lead poisoning. 

This paper describes the results obtained from the examination of 279 specimens of urine from 
persons who had had various degrees of exposure. Some had just commenced work in a lead 
hazard; some had been exposed to lead hazards of various degrees of severity for long periods; 
some actually had lead poisoning. 
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Summarizing the results of 279 determinations of lead and coproporphyrin in urine and of 
240 stipple-cell counts, the authors say that the mean values of lead in urine and the corres- 
ponding mean coproporphyrin values show a close correlation between the two up to mean 
values of 0.376 mg. per liter and 1.74 mg. per liter, respectively. 

Similar though not so close correlation exists in regard to the total stipple-cell counts and 
the coproporphyrin in urine up to mean values of 13,000 stipple cells per 1,000,000 red cells 
and 1.1 mg. of coproporphyrin per liter of urine. 

There is a fairly close correlation between blood lead values and coproporphyrin in urine 
values up to 0.17 mg. per 100 cc. of blood and 2.25 mg. per liter of urine. 


The authors feel that from the point of view of routine control of employees exposed to lead 
hazards the determination of the urinary coproporphyrin content has certain advantages over 
other tests, especially when a large number of persons are involved. The test can be performed 
in about 10 minutes, whereas urinary lead determinations may take several hours. Although 
a stipple-cell count can be carried out in about 10 minutes for the actual count, the performance 
of a large number of these is tedious, and the preparation of slides, making of films, fixing and 
staining, washing and drying consume considerable time. One advantage of the stipple-cell 
count is that the film provides a more or less permanent record, which may be examined or 
produced many months after being made. Whereas urine may be accidentally or purposely 
contaminated with lead, the occurrence of accidental contamination with porphyrin may be 
ruled out, and the purposeful contamination with the appropriate quantity is possible only to a 
very skilled person. 

The determination of coproporphyrin in urine is also of value in helping to decide on the 
question of possible contamination with lead. In a case in point a high urinary lead value was 
obtained (0.6 mg. per liter) in a sample of urine sent in for analysis. The coproporphyrin 
result was also high (0.7 mg. per liter), indicating that the patient had certainly had considerable 
absorption of lead and that the sample was probably not contaminated with lead. 

Disadvantages are that the porphyrin in the urine is not stable under the influence of light, 
and hence the determination must be carried out shortly after the urine has been collected and 
on samples which have been kept in amber-colored bottles and/or in the dark. 

The concentrations of coproporphyrin in the urine are not quite so closely related to the 
clinical conditions as are the stipple-cell counts. It has also been pointed out that abnormal 
amounts of coproporphyrin in the urine indicate damage to the organism, whereas abnormal 
amounts of lead do not. This distinction, though valid, is not quite of so much importance as it 
may appear to be at first sight, since experience with more than 2,000 analyses for lead in urine 
has indicated definitely that abnormally high values are in the great majority of cases associated 
with signs and symptoms which indicate damage to the organism. 

In the diagnosis of doubtful cases of lead poisoning, it is not considered advisable to abandon 
stipple-cell counts and the determination of lead in urine or blood; rather these studies and the 
coproporphyrin determination in the urine should continue to be made. Furthermore, it is 
advisable in addition to determine the ratio of monocytes plus large lymphocytes to small 
lymphocytes. 


SATURNINE INTRODUCTION AND Hepatic Exevoration. J. Ropier and L. Ropt, 
mal. profess. 14:364, 1953. 


Arch. 


The liver plays an important part in plumbism, since it acts as a bulwark to the absorption 
of lead and permits elimination of the ingested metal through bile. Although clinical signs 
of saturnine introduction do not appear until actual intoxication, it seemed unlikely to the 
authors that the liver should not show some changes as the result of exposure to lead. 

Accordingly, the authors selected 43 workers of various occupations who had been in contact 
with lead for an average period of three years and showed definite evidence of saturnine intro- 
duction, Certain liver tests were performed on them and on the members of a control group. 
The battery of tests used consisted of a determination of the ratio of esterized cholesterol to 
the total cholesterol, a thymol test, and a study of the cephalin cholesterol. The results of these 
tests did not show definitive differences between the two groups. It does not appear that 
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saturnine introduction is accompanied by distinct hepatic disorders, at least not insofar as fat 
and protein metabolisms are concerned; however, the probability of a connection between 
saturnine introduction and hepatic insufficiency is not easily to be dismissed. 


ACTION OF CoRTISONE ACETATE ON EXPERIMENTAL GRANULOMA IN THE Rat. A. Poticarp 
and H. TucHMANN-DupLessis, Compt. rend. Soc. biol. 146:1535, 1952. 


Granulomas were produced by subcutaneous injection of an amorphous silica suspension 
(actigel). When 5 mg. of cortisone acetate was added to the actigel injection, the intensity of 
inflammation and formation of connective tissue surrounding the granuloma were significantly 


reduced, Cuem. Apst. 


Errect OF CORTISONE ON EXPERIMENTAL SILICOSIS IN THE Rat. Bruno MARENGHI and 
Lorenza Rota, Med. lavoro 44:383 (Aug.-Sept.) 1953. 


Twenty rats were exposed for a period of from one to six months to an atmosphere con- 
taining about 14,000 particles of pure quartz per milliliter. Ten of these received injections of 
2 mg. of cortisone three times a week, and 10 were kept as controls. The progress of the lung 
reaction is described for both groups. The amount of cortisone given had very little influence 
on the initial cellular reaction to silica. Cortisone by delaying or preventing the transformation 
of reticulin fibrils in collagenous fibers precluded the progressive increase of the nodules and 
above all their confluence in fibrotic masses. 


CONDENSED FROM THE ENGLISH SUMMARY. 


oF AMORPHOUS SILICA OF SMALL Particie ON THE LUNGS OF Rapsits. H. 
GARTNER, Arch. Hyg. u. Bakteriol. 186:451, 1952. 


Rabbits were exposed to dust inhalation of amorphous silica of high purity (aerosil). The 
primary particle size was of the order of 100 to 500 A. (0.01 to 0.05 «), but the material was 
highly aggregated. [:xposures ranged up to three years, and certain animals were kept dust-free 
for periods of one to five months after having been dusted for two years. Histological exam- 
ination of the lungs showed the main reaction to be a desquamative catarrh, followed after long 
exposures in some cases by macrophage granuloma. These reactions predisposed the animals 
to secondary infections, and there was a high death rate of 62%. Increased fibrosis or anything 
approaching silicotic nodules was not observed. There was a strong regression of the abnor 
malities when dust exposure ceased, and it is concluded that the material stimulates but does 
not overwhelm the defense mechanism of the lung. Similar findings from the Saranac Labora- 
tory (MS. report for 1950) are quoted. In view of the tendency for secondary infections to 
occur, the dust cannot be considered as harmless. The findings support the conception that 
silicotic fibrosis is not simply a solubility effect but that specific reactions connected with the 


quartz surface also play a part. Buin. Hyco 


Medicine and Surgery 


Fracture: A Stupy or Two THousanp Cases From New York State 
WorRKMEN’s CoMPENSATION Boarp. R. W. Bacorn and J. F. Kurtzke, J. Bone & 
Joint Surg. 35-A:643 (July) 1953. 


This report surveys 2,132 cases of Colles’ fracture from the files of the Workmen's Com- 
pensation Board, New York State Department of Labor, New York City District. 

The authors define Colles’ fracture as a complete transverse break of the distal 1 in. (2.5 em.) 
of the radius, with dorsal displacement of the distal fragment. Nondisplaced fractures were 
not included. A considerable number of fractures showed comminution, impaction, or extension 
into the radiocarpal joint 

Colles’ fracture accounted for 1% of the Workmen's Compensation Board cases, New York 
City District, in 1945 and 1949. The ratio of males to females in Colles’ fracture was 58 to 42, 
whereas the male-to-female ratio for all Workmen's Compensation Board cases for the same 
years was 8&4 to 16. In 91.6% of the cases, the mechanism of injury was a fall on the out- 
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stretched hand. A considerable proportion of Colles’ fractures showed one or more of the 
following: comminution, impaction, and extension into the radiocarpal joint. Reduction of 
Colles’ fracture was performed in 88.3% of the cases. Of the total number of fractures, 3.7% 
were manipulated a second time, and 1.0% required a third manipulation. In only 1.6% of the 
total was open reduction performed. The average duration of treatment was four moiths. 
Physical therapy was used in 96.6% of the cases, exclusive of active and passive motion. This 
varied widely in type, frequency, and duration without appearing to affect appreciably the 
ultimate results. The average (mean) percentage loss of function (disability) in all patients 
with Colles’ fracture was 24% loss of the hand. The range of disability was 0 through 100%. 
Of all patients with Colles’ fracture, 94% had a resultant disability of less than 50% loss. 

The age distribution of Colles’ fracture has been found to be significantly higher than that of 
all Workmen's Compensation Board cases for 1945 and 1949. Of all Workmen's Compensation 
Board cases, 68.6% of the injuries occurred in persons under the age of 50, whereas 51.4% of 
Colles’ fractures were in persons of 50 or over. The percentage of disability in Colles’ fracture 
increased directly with age at a rate of approximately 4% loss of function per decade. 

Residual deformity (as an inverse measure of adequacy of reduction and immobilization) 
has been found to have a direct correlation with disability at a rate of 10% loss of function 
per grade of deformity (none, mild, moderate, marked). The duration of immobilization in 
Colles’ fracture had no effect upon final residual disability. 

The most frequent defect in passive motion about the wrist was in palmar flexion, present 
in 94.5% of the cases; defect in dorsiflexion was found in 80%. Limitation of rotation of the 
forearm was present in one-third and limitation of lateral wrist motion in one-half of the cases. 

Forty-eight per cent showed restriction of motion of the digits (flexion and extension), 
with flexion defects being twice as frequent as extension defects. The distal interphalangeal 
joints were the oftenest afflicted joints, and the index finger was the oftenest involved digit, 
with the thumb the least involved. One-third of the patients with Colles’ fracture showed 
residual diminution of the grip which was mild or moderate in severity in all but 3% of the 
total number of cases. 


Nonunion of Colles’ fracture was found in 0.2% and delayed union in 0.7% of the cases. 


Other complications included traumatic neuritis (0.2%), causalgia (0.1%), Sudeck’s atrophy 
(0.1%), Dupuytren’s contracture (0.2%), persistent pain (2%), limitation of shoulder motion 
(1%), compound fracture (1.3%), concomitant navicular fracture (0.5%). 


Fifty-three per cent of the cases of Colles’ fracture were accompanied by avulsion fracture 
of the ulnar styloid, and of these latter one-fourth remained ununited. 

The interval between injury and final Workmen’s Compensation Board medical examination 
and award was 12 months. 


Environmental Conditions 


Some Unigue Aspects or Los E. Littman and P. L. 
Maaitt, Air Repair 3:29 (Aug.) 1953. 


The frequently occurring smeg in the Los Angeles area differs from that in other areas in 
its production of eye irritation’ and damage to vegetation. The meteorological factors and 
daily progress of the smog are described in detail. Analysis of the smog shows that most 
constituents are present in lower amounts than in other cities of similar size but that hydro- 
carbons, other organic substances, and ozone are in relatively high concentrations. The smog 
appears simultaneously over the entire area; therefore no individual sources of pollution can 
be located. The many separate constituents are present in the atmosphere before the smog 
forms, so the harmful materials must be formed by their combination. In spite of the reduction 
that has been obtained in the visible and otherwise noticeable contaminants, the smog persists. 
The lowering of visibility, eye irritation, and plant damage are related to the ozone concen- 
tration; yet ozone itself does not produce those results. The work of Haagen-Smit has indicated 
that the damage is caused by oxidation products of hydrocarbons, but there are still unsolved 
problems, ticluding the source of the ozone. Recent investigations have shown that about 
850 tons of organics are released daily by automobiles and 300 to 400 tons by industrial 
operations, The facts show that a new type of air-pollution problem exists; it no longer suffices 
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to control the emission of particulate matter and obvious sources of odor and irritation, for 
under certain conditions even the harmless, invisible products of everyday activities can be 
changed into smog. Much remains to be learned about the mechanism of these reactions. 


Inpust. Hye. Dicest. 


Ozone FORMATION IN PHOTOCHEMICAL OXIDATION OF ORGANIC Supstances. <A. J. 
HaaGen-Smnirt, C. E. Brapvey, and M. M. Fox, Indust & Engin. Chem. 45:2086 (Sept.) 
1953. 


The formation of ozone through photochemical oxidation of alcohols, aldehydes, ketones, 
acids, and hydrocarbons, such as are present in gasoline in the presence of small quantities 
of nitrogen oxides, has been demonstrated. Ozone production without the addition of nitrogen 
oxides has been observed in the photochemical oxidation of biacetyl, bibutyryl, pyruvic acid, 
and butyl nitrite. The ozone produced in these reactions was identified by physical and chemical 
methods. The ozone formation is attributed to a peroxide radical chain reaction. The release 
of large quantities of hydrocarbons to the air and the simultaneous presence of nitrogen oxides 
from combustion processes explain the relatively high ozone content and consequent severe 
rubber cracking in the Los Angeles area. These findings should be considered in planning 
rubber storage facilities. In view of the irritating properties of the products formed by this 
photochemical oxidation, both hydrocarbons and nitrogen oxides should be considered as 
potential irritants when they occur simultaneously in air at low concentrations. 


AvutTHoRS’ SUMMARY. 


Arr: A Growing Community Prostem. H. N. Pub. Health Rep. 
68:858 (Sept.) 1953. 


The author reviews the air-pollution problem, discussing health effects, toxicity to animals 
and vegetation, economic damage and loss of natural resources, major studies made on the 
problem, governmental activities, and the job ahead. In discussing health aspects, it is pointed 
out that very little is known about chronic effects on account of the difficulty of investigation 
and that information on acute effects necessarily comes from the study of a few episodes. 
Data on quantities of air pollutants are given from the reports on the Detroit-Windsor, Salt 
Lake City, Los Angeles, and Cincinnati areas. The principal state programs are described 
briefly, and the work of cities and private organizations is mentioned. It is emphasized that 


the solution must lie in concerted action. 
certed actio Inpust. Dicest. 


Errects OF INHALATION OF SULPHUR Drioxitpe py Man. Mary O. Amour, WaALteR W, 
Me cvin Jr., and Puitie Drinker, Lancet 265:758 (Oct. 10) 1953. 


Fourteen normal persons inhaled sulfur dioxide through a face mask for 10-minute periods. 
The concentrations used ranged from 1 to 8 ppm. All subjects showed a decrease in tidal 
volume, an increase in respiratory rate, and an increase in pulse rate. These changes were 
still present at 1 ppm. 

Men who worked daily in atmospheres containing sulfur dioxide at concentrations of 10 ppm 
or more failed to show these changes. 


Determination of Air-Borne Contaminants 
NEPHELOMETRIC DETERMINATION OF Nitrite Souutions. H. Hite and THeo- 
pORE Hatcu, Am. Indust. Hyg. A. Quart. 14:98 (June) 1953 


A procedure is described for the determination of low concentrations of nitrogen dioxide in 
air (< 25 ppm). Air samples are passed through two gas-washing bottles connected in series 
and containing a 1% sulfamic acid solution. The quantitative reaction betwen nitrogen dioxide 


and sulfamic acid produces suliuric acid which may be precipitated with BaCl. Suspended 


barium sulfate is estimated nephelometrically. According to the authors, nitrogen dioxide 
concentrations from 10 to 200 ppm may be determined satisfactorily by this method. 


R. DENNIs, Boston. 
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PREPARATION OF KNOWN CONCENTRATIONS OF GASES AND VAPORS IN ArR. ALFRED N. 
SETTERBIND, Am, Indust. Hyg. A. Quart. 14:113 (June) 1953. 


The author describes a system of establishing test concentrations of gases and vapors which 
permits accurate calibration of small volume sampling devices. The test atmosphere is with- 
drawn from the first of five 5 gal. bottles connected in series, each of which contains initially 
the same vapor concentration. 


Since dilution by replacement air entering through the last bottle in the train is a loga- 
rithmic process, more than twice the volume of one bottle may be sampled before the concen- 
tration decreases by 10%. Calibration curves and tables are shown which indicate expected gas 


or vapor concentrations in terms of total sample volume. R. Dexnts. Boston 


SAMPLING INSTRUMENTATION, MeTHops. J. INGRAM and Lawrence F. 
DierRinGer, Am. Indust. Hyg. A. Quart. 14:121 (June) 1953. 


The authors review development of air-sampling techniques from 1897 to the present. A 
general discussion of current sampling and analytical methods for particulate and gaseous 


contaminants is presented. Des. 


CoLtok MEASUREMENT OF Mine Dusts as A MetTuop or EstimMatinG THEIR CONTENT OF 
Inert Matertats. A. Butier and A. L. Goppert, Safety in Mines Research Establish- 
ment, Research Report 57, Her Majesty's Stationary Office, 1952. 


[This report is obtainable from British Information Services, 30 Rockefeller Plaza, New 
York 20. Price, approximately 25 cents. | 

A colorimeter can be used to a limited degree in determining the inert content of a road 
dust ; when the quantity of inert dust is ample, the necessity of chemical analysis can be avoided. 
This paper describes a simple photoelectric instrument for the purpose. A satisfactory precision 
has been attained for inert dusts, ranging from 50% upward. Moisture content and fineness 
of the dust affect the reflectivity, but the errors due to moisture give a margin of safety, and 


those due to increase of fineness of either constituent are in the direction of safety. 


Hye. 


STANDARD APPARATUS FOR DETERMINING THE INFLAMMABILITY OF CoaL Dusts AND MINE 
Dusts. A. L. Goppert, Safety in Mines Research Establishment, Research Report 58, Her 
Majesty’s Stationary Office, 1952. 

{This report is obtainable from British Information Services, 30 Rockefeller Plaza, New 
York 20. Price, approximately 15 cents. ] 

This apparatus was designed primarily for measuring the flammability of coal dusts and 
mine-road dusts. The dust is blown through a vertical furnace at a standard temperature in a 
stream of air; it is observed at the lower open end of the furnace whether the dust ignites. 
In the standard flammability test, a mixture of coal and stone dusts is so treated, and the inert 
dust in the mixture is adjusted so as to determine the least proportion of inert dust required 
to prevent ignition. The accuracy of the measurement is approximately 2.5% of inert material. 
The apparatus is fully described and illustrated. The conditions of the test may be adjusted 
to agree with the results of large-scale tests. Modified forms of the apparatus have been used 
in Great Britain and at the United States Bureau of Mines for testing various materials. 


CONDENSED FROM Butt, Hye. [INpust. Hyc. Dicest.]. 


MicrocneMicaL Metnop or DeteRMINING AMOUNT OF FREE SiLica Mine-Dust. A. 
Bianzar and M. Barse, Arch. mal. profess. 14:349, 1953. 


Owing to the smallness of samples of free silica in the form of quartz as it is found in mine 
dust, a microchemical determination of the amount was called for. The authors chose to use 
the pyrophosphoric acid method even though the acid attacks some of the free silica in the 
process of dissolving the silicates which prevent determination of the free silica alone. They 
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improved the method by constructing a standard curve of measurement based on mixtures of 
quartz and a silicate (feldspar) in which the quartz simulates granulometrically that found in 
various mine dusts. 

This method shows two advantages over other methods: its applicability to very small 
amounts of dust (10 mg. of mineral material) and the reduction of error arising from the 
granulometric variations of samples through the use of a scale of measurement based on the 
average granulometry of quartz. 


EXAMINATIONS OF DusTs WITH THE ELECTRON MICROSCOPE: 
WaALKENHOkrstT, Beitr. Silikose-Forsch. No. 18 27-62, 1952. 


Metuops AND Resucts. W. 

The technique of dust sampling for electron microscope examination is described. Thermal 
precipitation is considered the best method, because the size distribution is maintained. The 
author uses a thermal precipitator with a hot tape instead of a wire. Other necessary modifi- 
cations are also described. The present paper deals only with size distributions, which are 
characterized by frequency and summation curves. Dry drilling in sandstone gives a highly 
aggregated dust, with a maximum diameter frequency at about 0.2 # and an upper limit of 3 u. 
In wet drilling of the same rock, much less dust is produced so that electrostatic precipitation 
and a high air-flow rate had to be used to get a sample in a reasonable time. The frequency 
maximum was at 0.037 »; there were hardly any particles above 0.5 #, and the dust was not 
aggregated. <A picture of dry-drilling dust taken a few seconds after its production under 
the same experimental conditions (electrostatic precipitation) showed a maximum at 0.074 4, 
and partial aggregation. The smallest particles seen on rock-dust particles were of the order 
of 0.009 #. Coal dust is less aggregated than rock dust. Frequency maxima were at 0.5 to 
0.7 4, and it is concluded that the light microscope is adequate for evaluating coal dusts but is 
quite inadequate for rock dusts. The paper is illustrated by a number of excellent electron 


micrographs. 
CONDENSED FROM Buti. Hye. [I[Npust. Hye. Dicest.]. 


Ventiiating, Air Conditioning, and Engineering Control 


Fry Asn in INpuUsTRIAL Expertence. B. S. Nortine, Am. Indust. Hyg. A. 
Quart. 14:103 (June) 1953. 


The author cites a specific case of fly-ash control by means of mechanical collectors, 


giving details on volume of gas handled, dust loadings, and installation cost. Comparative 
data are furnished, showing expected performance of both mechanical collectors and electro- 
static precipitators as to cost and collection efficiency. 


R. DeNNts, Boston. 


CONTAMINANT CHARACTERISTICS ENCOUNTERED IN Local Exmaust Systems. JAMES 
R. Kayse, Am. Indust. Hyg. A. Quart. 14:133 (June) 1953. 


The author describes how the Sylvan chart (which includes graphical representation of 
concentration and size ranges of typical industrial dusts and efficiency curves for several 
types of dust collectors) may be used to select cleaning devices and estimate the size and 
concentration of collector effluents. Although the chart appears practical for rough estimates 
of performance, the efficiency range for wet collectors seems high in comparison with 
cloth arresters. 


R. Dennis, Boston. 


Legal Medicine 


LEGISLATION AND LITIGATION: COMMENTS ON THE DEVELOPMENT OF INDUSTRIAL Law. 
W. MansFie_p Cooper, Brit. J. Indust. Med. 10:173 (July) 1953. 


The author discusses briefly the role of the British courts in providing protection and 
compensation for the injured workman from the early days of the industrial revolution up 
to the present era of rather rigid legislative protection. 


B. H. Amour, Boston. 
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News and Comment 


ANNOUNCEMENTS 


Seventh International Cancer Congress.—Physicians and scientists are invited to present 
papers at the Seventh International Cancer Congress, to be held in Sao Paulo, Brazil, July 
23-29, 1954, under the sponsorship of the International Union Against Cancer. The program 
will include sections on fundamental cancer research, on clinical studies on cancer, and on 
cancer control. Registration blanks are available from the Chairman, National Committee on 
the International Union Against Cancer, National Research Council, 2101 Constitution Avenue, 
N. W., Washington 25, D. C. 

It is expected that round trip transportation by air from Miami to Sao Paulo will be avail- 
able for about $480. Detailed information regarding travel arrangements and hotel reservations 
may be obtained from Dr. Brewster S. Miller, American Cancer Society, Inc., 47 Beaver 
Street, New York 4. 

In accordance with similar arrangements being made in other countries to coordinate partici- 
pation in the Congress, residents of the United States who desire to present papers must send 
five copies of an abstract of each paper proposed for presentation to the Chairman, National 
Committee on the International Union Against Cancer, at the above address by Jan. 15, 1954. 
Abstracts are not to exceed 250 words and must be accompanied by a title and the name, 
address, academic or professional title, and institutional affiliation of the investigator or physician. 
These requirements do not apply to people who have been invited to participate by the President 
of the Congress, unless application is made for travel allotments as described below. 

Travel allotments of approximately $600 each will be available to a limited number of persons 
requiring such assistance. Applications for travel allotments must be submitted in quintuplet 
to the Chairman, National Committee on the International Union Against Cancer, at the above 
address by Jan. 15, 1954. They should be in letter form giving information concerning age, 
training, publications in cancer or related fields, and academic or professional status. Applicants 
not planning to present papers should include five copies of abstracts, as described above, of 
major current investigative work. A letter from the laboratory director, or appropriate adminis- 
trative officer, approving the application is also necessary. 
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Ointment and powder of ZINCUNDECATE 
Solution of UNDECYLENIC ACID 


Cures average case in one to three weeks 


A. M. A. American Journal 


of DISEASES of CHILDREN 


Though you may not specialize in pediatrics, you undoubtedly want to 
know the latest methods and technic in infant feeding, pediatric 
technics for handling cardiac diseases, skin diseases, mental hygiene, 
surgery, asthma and allergy, influenza, baby clinics, etc. This journal 
gives you that opportunity. “Progress in Pediatrics,” frequently 
featured, gives an over-all picture of recent knowledge in the field. 
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valuable medical service. 


IN EVERY {SSUE—Original Studies . 


Current Literature Book Reviews 


Case Reports 
News and Comment 


Abstracts of 


$12.00 yearly. Canadian, $12.40. Foreign, $13.50 


AMERICAN MEDICAL ASSN., 535 N. Dearborn Street . Chicago 


FOR YOUR FREE COPY OF 


1a 


+ + «Mo commercials — no sales chatter 
but a wealth of informative data that should prove 
invaluable to you and your company throughout 
the future. 


LIGHTFOOT SCHULTZ COMPANY 


380 MADISON AVE. NEW YORK 17, N. Y. 
Send your free Question and Answer Soap Date 


State 


VISION TEST CHARTS 


(A. M. A. Standard) 


These charts have been prepared in accordance with the 
compensation tables adopted by the Section on Ophthal- 
mology of the American Medical Association, The set 
consists of the following: 


1—Distance Test Chart (10%” x 28") with notation of 
acuity and per cent of visual efficiency, (20/20 or 
100% to 20,200 or 20%), includes three color bars. 
$1.00. 


This chart requires a distance of 20 feet for use in 
direct vision. 


(This chart is too large for foreign mailing.) 


Near Vision Reading Card (5" x8") with notation of 
visual acuity and per cent of visual efficiency, (14/14 
or 100% to 14/224 or 6.8%.) 40 Cents. 


~Pad of 50 sheets of Industrial Field Charts, printed 
on both sides. One side of sheet is the Motor Field 
Chart with table showing efficiency of muscle func- 
tion in diplopia and gives directions for calculating 
muscle function. The other side of sheet is the 
Visual Field Chart showing table, directions and 
visual fleld outlines for charting purposes, 75 cents. 


9 Price for a Complete Set, $2.00. 


VISION CHART (For School Use) 


Contains letters and characters for testing vision of 
both large and small children. Wall size, 10%” x 2s”. 
Price, $1.00. 
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mental alertness 
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